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Above: Bomb ejector rack, showing forged 


titanium alloy breech (circled). 


Beiew: Titanium alloy ejector breech, before 


and after machining. 


Integrated producer of Titanium © Zirconium *¢ Special Metals 


AwAy... 


with the help of heat-treated 
TITANIUM ALLOY 


On high speed military planes, such as the Douglas A3D-2 Skywarrior and 
other jet aircraft, the bomb ejector rack is a complicated and critical mecha- 
nism. Any failure might endanger both airplane and pilot 


Three basic parts make up the ejector . . . cylinder, piston and breech. The 
latter presented the greatest design problem, due to its multitude of functions 
and irregular shape. Similar breeches made from stainless steel frequently 


heat-checked and failed, during test firing or hydrostatic testing 

Experience and design calculations suggested that 6AI1-4V titanium alloy, 
produced by Mallory-Sharon, was the metal most likely to meet the exacting 
requirements. 

Actual firing tests confirmed the advantages of titanium for this application. 
Phe titanium alloy breech with- 
stood 300 firings before any evi- 
dence of heat checking appeared. 


WHY TITANIUM WAS CHOSEN 


No failures occurred in firing. . . 


High strength-to-weight ratio at elevated 


and the breech withstood hydro- 
temperatures for short times 


static pressure of 27,000 psi with- 


Had 


Superior corrosion and erosion resistance ‘ 
out failure. 


. Excellent forgeability 
Here's one more example of 


4. Good machineability in the heat-treated 
condition titanium’s outstanding perform- 
5. Low susceptibility to hydrogen embrittle- ance in meeting critical design 
ment. problems. May we help you 
6. Good thermal stability explore its advantages for your 


product or application? Write for 
“Titanium Fact File”. 


PO 


MALLORY Ms) SHARON 


MALLORY-SHARON METALS CORPORATION - NILES, OHIO 
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Cover, by Dominick Faso, student at Cleveland 
Institute of Art, typifies the wide variety of 
metal products and operations that will be seen 
and discussed at the Cleveland Metal Show. 


National Metal Congress and Exposition 


Invitation 


Technical Programs 


For eight days, Saturday through Saturday (Oct. 25 through Nov. 1), visitors to the 
Metal Congress will have a wide choice of metallurgical aeadien and technology in 
sessions presented by the American Society for Metals, the Metallurgical Society of 
A.I.M.E., Society for Nondestructive Testing, Industrial Heating Equipment Associa- 
tion, Metals Division of Special Libraries Association, Metal Treating Institute, and 
Metal Powder Industries Federation. 


National Metal Exposition 


List of exhibitors, booth numbers and brief descriptions of products. 


Preview of Space Metals, Staff Report 
Paralleling the requirement for new materials for aircraft, missiles and satellites is the 
need to develop improved capabilities in the common metal systems. Here's a report 
on where we stand and future prospects in... Aluminum . . . Magnesium . . . Steels 
... Titanium . . . Beryllium . . . Superalloys . . . Refractory Metals . . . Ceramics and 


Cermets . . . Graphite . . . Composite Materials . . . Sandwich Construction . . . Surface 
Treatment and Coatings . . . (T24, 17-57) * 


What's New in Everyday Uses for Metals 


Aluminum . . . Wrought Alloys, by J. A. Nock, Jr. and F. Keller 
Stainless Steels, by Richard E. Paret 

Ferrous Castings, by Thomas E. Eagan 

Steels . . . Alloy and Carbon, by E. W. Husemann... . 

Copper . . . Wrought Alloys, by Arthur I. Heim... . 
Magnesium, by C. E. Nelson 

Nonferrous Castings, by D. L. Colwell 

Cast High Alloys, by E. A. Schoefer 


Detroit Revisited — Appraisal of Recent Metallurgical Advances in American 
Automobile Manufacturing, by J. L. McCloud 


Among the recent changes and those soon to come in materials for automotive use, the 
trends toward low-alloy and carbon steels and toward greater use of aluminum seem 
the most significant. (T21, 17-57) 


Table of Contents Continued on Page 3 


*The coding symbols refer to the ASM-SLA Metallurgical Literature Classification, 
International (Second) Edition, 1958 
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Carburizer-Nitrider furnaces manufactured by Hevi-Duty Electric Company. 
See this retort at Booth 215, National Metal Exposition, Cleveland, October 27-31. 


In high-temperature carburizing — 
Thermalloy* centrifugally cast retorts last longer! 


The special requirements of the new high-temperature 
carburizing process demand retorts of superior heat- 
resisting qualities ... qualities inherent in Thermalloy 
centrifugally cast alloys. 

“The greater density of centrifugally cast alloy 
retorts provides superior strength at high tempera- 
tures, thus increasing the anticipated life of the retort 
when used for high-temperature carburizing,” says 


Arthur Frank, V. P., Engineering, at Hevi-Duty 
Electric Company. Hevi-Duty is a leading maker of 
electric heat-treating furnaces and a pioneer in high- 
temperature carburizing. 

If you are using or intend to use the new F 
process, be sure your retorts will stand ¢ 
up. Use Thermalloy centrifugally cast, 
heat-resistant alloy retorts. *Reg. U.S. Pat. Or. 


ELECTRO-ALLOYS DIVISION © Elyria, Ohio 
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Metal Progress 


Contents Continued 


Potential of Higher Temperature Carburizing, Staff Report..........................0..... 134 


Manufacturers are becoming interested in carburizing at higher temperatures as a means 


for increasing production. 
1850° F. 
at 1700° F. 


First moves by heat treaters will probably be to the 1800 to 
range which will give carburizing rates about 50% higher than are obtained 
Even higher temperatures may be used in the near future for thick cases 
on tractor gears and other heavy-duty equipment. 


Furnace problems appear to be 


solved but other problems must be considered in the heat treating and steelmaking 


areas. 


(J28g, 1-66, W27; ST) 


Special Feature on Better Metallographic Techniques 


Metallography of Disturbed Uranium Surfaces, by H. P. Roth and R. B. Russell 


Shows how micro-examination and X-ray diffraction may work together to haa 


information leading to sound judgments in physical metallurgy. 


(M21, M22¢; 


Polishing Hard Metals Electromechanically, by J. M. Dickinson 


A new technique simplifies metallographic preparation of high-melting metals and 


their alloy s. 


By simultaneous use of mechanical and electrolytic polishing, layers of 


worked metal are avoided, and an exceptionally smooth surface is produced in a short 


time. (M20p; SGA- 


Polishing by Vibration, by E. L. Long and R. J. Gray 


A new technique makes it possible to polish up to 24 specimens at a time without 


attention by a mets illographe 
hand polishing. (M20p) 
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Be Our Guest! 


National Metal 
Exposition 


eland Public Auditorium 
October 27-31, 1958 


“BOOTH 505 


Write for your FREE 
Admission Invitation 


ATMOSPHERE HEAT TREATMENTS 


On exhibit actual samples of 
bright annealing, brazing, bright 
hardening and tempering in 
protective atmospheres. 


MISSILE HEAT TREATING 


On exhibit a schematic layout 
for heat treatment of large 
missile bodies. 


BRAZED COMPONENTS 


On exhibit a selection of military 
and civilian components fabri- 
cated by nickel alloy, copper 
and silver brazing. 


GAS TURBINE STATORS 


On exhibit fabrication of light 
sheet metal stators for aircraft 
engines. 


HEAT EXCHANGERS 


On exhibit a compact gas-to-gas 
heat exchanger. Pin-Fin con- 
struction. 


rrotherm 


"Magic With Metals” 


1861 East 65th St. Cleveland 3, Ohio 


Ferrotherm —(Att: M. E. Korb) 
Please send my Admission Invitation for 
the Notional Metal Exposition to 


Nome Tithe 


Address 


City Tone. State 
Please attach this Coupon to your letterheod and moi! 


a 


Ce 
will answer your inquiries, and 
Firm quae 
_ 
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HANDY ALLOY DATA SHEET 


HANDY & HARMAN 
ENGINEERING DEPARTMENT 
82 FULTON STREET, NEW YORK 38, N.Y. 


... he COMPLETE line that meets all specifications and production needs 


Need to join any combinations of metals—ferrous and 
nonferrous? Investigate the vast number of products, 
assemblies and parts that are being joined better by 
silver brazing alloys. Handy & Harman, the Number 


One Source of, and Authority On Brazing Alloys and 
Methods makes —and makes readily available —the fol- 
lowing silver brazing alloys: 


; HANDY & HARMAN SILVER BRAZING ALLOYS 
MELTING 
NAME SILVER | COPPER ZINC OTHER POINT 
EASY-FLO 50% 152% 162% (18% Cd.) 1160 1175 5.00 
EASY-FLO #3 50 15% 15% (6% C4. 1170 1270 5.00 
EASY-FLO 45 15 : 4. 
4.90 
SIL-FOS 15 80 _ ( 5% P.) 1185 1300 4.45 
SIL-FOS 5 5 88.75 pa (6.25% P.) 1185 1300 4.37 
NEW NAME FORMER NAME SILVER 
BRAZE TEC* TEC* 5 -_ on (95% Cd.) 640 740 4.60 
056" TEC-z* 5 166 (78.4% Cd.) 480 600 453 
“O71 SN #7 7 85 = ( 8% Sn.) 1225 1805 482 
7——TL TL 9 53 38 1410 1565 4.50 
e 22 ‘AT SPECIAL 20 45 35 1315 1500 4.68 
7 ATT ATT 20 45 30 ( 5% Gd.) 1140 1500 4.64 
“NE NE 25 5214 22% 1250 1575 471 
a 351 AE 25 57.5 17.5 1255 1625 4.68 
“$$ ss 40 30 28 (2% Ni.) 1220 1435 4.76 
=~ 404 $s-5 40 30 25 ( 5% Ni.) 1220 1580 4.72 
. “DT DT 40 36 24 1235 1415 4.80 
3 “DE DE 45 30 25 1230 1370 4.82 
ETX 50 34 16 1250 1425 4.99 
541 ALLOY-4772 54 40 5 (1% Ni.) 1340 1575 5.06 
% a) ER 56 22 17 ( 5% Sn.) 1145 1205 5.00 
EB 57.5 32.5 (3% Mn. 1120 1345 5.05 
7% Sn.) 
RT RT 60 25 15 1245 1325 5.02 
4 *— 603 RT-SN 60 30 = (10% Sn) 1115 1325 5.23 
630 RSNI 63 28.5 6% Sn.- 1275 1475 5.12 
2.5% Ni.) 
EASY EASY 65 20 i5 1235 1325 5.06 
MEDIUM MEDIUM 70 20 10 1275 1360 5.14 
«BT BT 72 28 = 1435 1435 5.24 
HARD HARD 75 22 3 1365 1450 5.28 
7. 752 TR #1 75 pe 25 1300 1330 5.06 
"IT it 80 i6 4 1345 1490 5.29 
B52 85 Ag.-15 Mn. 85 (15% Mn.) 1760 1780 5.08 


your copy. 
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*A Solder—Not a Brazing Alloy 


GET THE FACTS FROM 
BULLETIN 20 
This informative booklet gives 
a good picture of silver braz- 
ing and its benefits...includes 
details on alloys, heating 
methods, joint design and pro- 
duction techniques. Write for 


Space does not permit listing the many special alloys, 
formulated for a particular or unique application. Handy 
& Harman Brazing Engineers and Technical Service are 


always ready to work closely with you on metal-joining 
problems and methods. 
Comprehensive technical literature covering all aspects 


of brazing methods and alloys awaits your request. 


HANDY & HARMAN 


General Offices: 82 Fulton $1., New York 38, M.Y. 
DISTRIBUTORS IM PRINCIPAL CITIES 


Source of Supply and Authority on Brazing Alloys. 


ATLANTA 6a 
PORT. conn. 
PRovipence 
CHICAGO. 


AMO. 
TORORTO, 
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owes Bottor Sorvice 
00 HIGH TEMPERATURE TOOLING 


tere “Custom Engineered” PRODUCTS FOR ALL HEAT 


_ TREATING and OTHER HIGH TEMPERATURE OPERATIONS 
MEANS ENGINEERING MAKES THE DIFFERENCE 


The examples shown—and hundreds of others—have all given su- 
ACCOLOY— perior service. High integrity products are assured by component 
THE TRADEMARK OF LEADERSHIP design, by use of proprietary casting technology, and in preferred 
metallurgical structure in relation to service stresses. Production 
utility is assured by our unequalled background on high temperature 
mechanisms and in heat treating processes. 
HEAT RESISTANT CASTINGS CONTACT OUR REPRESENTATIVES—OR SEE US AT THE METAL SHOW 


ACCOWT GNGINEERING ¢(@ASTING 


STAINLESS 1700 W. WASHINGTON, CHAMPAIGN, ILL. TELEPHONE FLEETWOOD 6.2568 
ENGINEERS AND PRODUCERS OF HEAT AND CORROSION RESISTANT CASTINGS 


OCTOBER 1955 
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“MORE Zr FACTS"... , publication devoted to progress in 
zirconium technology is distributed free of cost by Carborundum Metals. 
Ask to be placed on the mailing list... the next issue will concentrate 
on Zr Nuclear Properties and Applications. 
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Bifights corrosion with economy 


on the inside 


(mild steel on the outside) 


Zirconium liners are now available for a variety 
of basic processing components such as “T's”, columns, 
tanks and reaction vessels. These liners provide all the 
versatile corrosion-resistance and outstanding nuclear 
properties of zirconium at surprisingly low cost. Rapid 
advances in zirconium manufacturing and fabrication 
techniques offer greater savings for: 


THE NUCLEAR INDUSTRY 
Zirconium’s low neutron absorption and corrosion- 
resistance to coolants permits more economical fuel 
applications in almost every reactor design. 


THE CHEMICAL PROCESSING 
INDUSTRY 


Dual resistance to corrosion. ..zirconium protects against 
either strong acids or caustics. Versatility means inter- 
changeability and longer lasting system components. 


Carborundum Metals’ fully integrated zirconium facilities and its close working relations with leading fabri- 
cators gives you one experienced source for every need in zirconium...from sponge metal to ready-for-service 
components. Firm quotations and delivery dates can be made immediately on commercial or nuclear grade 
sponge and ingot, and also on welded or seamless zirconium tubing, zirconium sheet, strip, bar, rod and foil. 


Write today for complete price schedules on all zirconium products. 
Address inquiries to Dept. 91-807. 


THE CARBORUNDUM METALS COMPANY, Akron, N.Y. 
Division of THE CARBORUNDUM COMPANY 


Production Pioneer of ZIRCONIUM 
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Castings 


so tough they replace forgings 
so machinable... they reduce 


finishing costs 


CLASSIFICATION 


CHARACTERISTICS 


HARDNESS 


(BHN) 


MIN. 
TENSILE 
STRENGTH (PSI) 


MIN. 
YIELD 
STRENGTH (PS!) 


MIN. 
ELONGATION 
IN 2 INCHES 


ARMASTEEL 


GM 


Recommended for less highly 
stressed parts. Replaces steel 
parts in 1020-1035 S.A.E. 
range. 


163-207 


70,000 


48,000 


40 


ARMASTEEL 


GM 


Recommended for moderate 
strength plus adaptability to 
selective hardening. Replaces 
parts in 1035-1050 S.A.E. 
range. 


197-249 


80,000 


ARMASTEEL 


GM 84M 


Recommended for high degree 
of strength. Replaces heat- 
treated parts in 1040-1050 
S.A.E. range. 


241-269 


80,000 


2.0 


ARMASTEEL 


GM 


High resistance to wear and 
high yield strength, yet retains 
machinability. Requires no 
heat-treating and possesses 
same strength and wear char- 
acteristics as alloy steel 
forgings. 


269-302 


105,000 


2.0 


CENTRAL FOUNDRY DIVISION 


METAL PROGRESS 


a 
60,000 
4 
100,000 
ite 
\ 
| 


Because ARMASTEEL castings are so machinable, so resistant to wear and shock, and so adaptable 
to selective hardening, they are rapidly replacing many parts formerly machined from bar stock or 
steel forgings. 


ARMASTEEL, a pearlitic malleable iron, possesses the same strength and performance character- 
istics usually associated with plain carbon steel. In addition, ARMASTEEL contains excéllent bearing 
properties, has high yield strength, good damping capacity, maximum rigidity and excellent fatigue 
life. Accurate control of heat-treating operations in the manufacture of ARMASTEEL produces a 
fine, uniform grain structure and provides excellent finishing qualities. 


Four different types of ARMASTEEL can be cast to your specifications. One of the four (GM 84M, 
GM 85M, GM 86M or GM 88M) will have the physical properties to best meet the requirements of 
your application. For example, ARMASTEEL castings are being successfully used in the automotive, 
appliance and implement fields for such parts as gears, pistons, crankshafts, rocker arms and universal 
joint yokes, all of which utilize to best advantage the outstanding characteristics of ARMASTEEL. 


Some of these applications are shown in the table. Look them over carefully; you may find that these 
characteristics and advantages of ARMASTEEL can help reduce your costs . 


. . increase your pro- 
duction .. . and improve the performance of your products. 


Typical ARMASTEEL castings 


GM 86M ARMASTEEL provides the 
Becouse of the greater physical prop- 
erties of GM 86M ARMASTEEL, lt wes 
possible to redesign this encher plete 
ot shown end effect o weight reduc- 
tien from 2.26% per piece te 1.448 
per piece 


GM 65M ARMASTEEL provides o crank- 
shoft with mere desirable machining 
characteristics than a forged crankshoft 
of SAE 1045 steel. improves machin- 
ing of journals and reduces cheeking 
stock. Use of GM 85M ARMASTEEL 
mode possible the redesign of the 

kshott with o Wing 3.5% weight 
reduction and a lower material cost 


By converting to GM 85M ARMA. 
STEEL, drilling and boring operctions 
were eliminated on this crenksheoft 
sprocket. Stock in rough pert wes 
reduced from 1.93% in forging to 
1.00% in casting. Customer reclized 
reduced piece price with GM 85M 
ARMASTEEL. 


Crankshaft for newly designed small 
gescline engine. GM 84M ARMA. 
of 


success in similer engines Less stock 
removel and better maechinability 
edventages ever forged crenksheft. 


This plonet 


carrier wes formerly 


quired o heat treatment ofter rough me- 


forged from SAE 1141 steel, which re- J 


chining 


end breaching 


perations. By 


converting to GM 68M ARMASTEEL, heat 


of the rough port was reduced. 


inated and the weight 


By converting to GM 88M ARMASTEEL 
for this universal joint yoke, hole thru 
hub could be cast in eliminating o 
drilling operation and reducing weight of 
port approximately 30%. GM 88M ARMA. 
STEEL pert hes lower piece price then 
forging formerly used 


GENERAL 


MOTORS 
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Metallurgists and tool engineers have achieved 
success in their search for a versatile, practical 
machine for extruding, forming, and forging 
tomorrow’s high-strength metals and alloys. 


A breakthrough was at hand when it was dis- 
covered that many of these metals exhibit 
hydrodynamic behavior when they are worked at 
very high velocities, with high rates of energy 
application. 


For example, where an extrusion process normally 
is performed at velocities of 1 to 5 fps and at pres- 
sures to 175,000 psi, high energy extrusion takes 
place at velocities to 200 fps and at pressures of 
250,000 psi and above. 


While the phenomena of high energy forming 
characteristics of metals are not yet fully under- 
stood, it is known that metals so formed exhibit 
increased flow with little or no spring back. 


But the real breakthrough could not occur until 
science had perfected machines that could generate 
these velocities and pressures in a safe and practi- 
cal manner, to produce end-products of high 
physical and dimensional integrity. 


SUCH A BREAKTHROUGH IS DYNAPAK. 


DYNAPAK 


DYNAPAK is a pneumatically energized machine that develops 
velocities to 500 fps and controls them to + % fps... 
DYNAPAK is a versatile multi-purpose machine that can forge, 
extrude, or form, and can be readily converted from one 
process to another...DYNAPAK develops 40,000 foot-pounds 
of energy in a 6 inch machine that is less than 2 feet square 
and 10 feet long, weighs 3000 pounds and can literally be 
bench mounted. A 36 inch DYNAPAK generates 1,500,000 foot 
pounds of energy...DYNAPAK is attractively packaged —can 
be utilized in clean manufacturing areas...DYNAPAK pro- 
duces parts that can not be produced in any other way, 
because the extremely high pressures literally force metal into 
every crevice of the die. DYNAPAK extrudes web thicknesses 
to one-hundredth of an inch—forges to zero draft angle — 
produces exceptionally good surface finishes... DYNAPAK is 
equally applicable with today’s materials and production 
problems, and involves extremely low initial investment... 
DYNAPAK is more than a new machine, or a means of imple- 
menting a new concept. It is in itself a totally new concept — 
a new philosophy. DYNAPAK Is SAFE (no explosives are used), 
VERSATILE, PRACTICAL, OPERATIONAL. 


SYNONYMS ADVANCED METAL WORKING 
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FOR COMPLETE 
INFORMATION, 
write, wire or phone 


DYNAPAK 


CONVAIR A DIVISION OF GENERAL DYNAMICS CORPORATION 


1243 Transit Avenue, Pomona, California - Phone: NA. 9-1109 
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Youngstown 
Yoloy Steel 


will help 
build the trucks 


of his day 


Roaring along special 
truckways—carrying 
tremendous payloads — 
the huge cargo carriers 
of his day will require far 
more Yoloy steel than was 
needed to build trucks in 
Dad's time. Youngstown, 
today, is anticipating to- 
morrow’s need for more 
and better Yoloy. Con- 
tinuing advancements in 
research and steelmaking 
facilities make certain 
that when cargo carriers 
are built in Ais day... 
Youngstown Yoloy steel 


will help build them. 


YOUNGSTOWN 


SHEET AND TUBE COMPANY 
Youngstown, Ohio 


Manufacturers of Carbon, Alloy and Yoloy Steel 
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big power for Hs Cj jobs 


Cyclops unit 
puts 2-3,000,000 volt equivalent 


up to 12” thick steel 
under *20,000 
anywhere 


GET THE FACTS — call any Picker District office (see 
local ‘phone book) or write, telephone or wire Picker X-Ray 
Corporation, 25 South Broadway, White Plains, N. Y. 


for everything in industrial radiography 


portable x-ray units—130 KV, 160 KV, 200 KV, 260 KV 

x-ray units—5 to 50 KV, 150 KV (stotionory and mobile), 270 KV portoble, 

260 KV heavy-duty 

units for isotope radiogrophy—sources, equipment, containers for Iridium 92 
Cobalt *° and Thulium 


recn /oPs 


... films, tonks, darkroom sundries, illuminotors, everything 


OCTOBER 1958 


| 
é x-ray on wheels 
{ : 
| A) 
4 | od 
4 
a 15 i 
1 


| 


—AT LOWER = 


TAPPING 


...a heat at just the right pouring temperature is typical of the 


melter’s technical mastery. Another important factor in making better steels 
at lower cost is the revolutionary Unitrode® nipple which “welds” the joints of 


GLC Graphite Electrode columns. 


FREE—This illustration of one of the skills employed by the men who make 
the metals has been handsomely reproduced with no advertising 
text. We will be pleased to send you one of these reproductions 
with our compliments. Simply write to Dept. P-10. 


ELECTRODE 
EGLCa GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N.Y. OFFICES IN PRINCIPAL CITIES 


® 
DIVISION 
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Big Paul digs and dumps 
105 tons in 50 seconds! 


“T-1" and TRI-TEN Steels 
cut dead weight—boost ‘strength 


Even from a 100-foot-high perch, the mam- 
moth size of the bucket of Big Paul, the King 
of Spades, is hard to comprehend. 

There are three of these 70-yard giants- 
all built by Marion Power Shovel Company. 
All achieve strength and toughness with least 
weight by the use of USS “T-1"’ Construc- 
tional Alloy Steel and USS Tri-Ten High- 
Strength Low-Alloy Steel. 

Big Paul sets the pace at the Peabody Coal 
Company's River King mine near Freeburg, 
Illinois. It rams through rock and shale to 
uncover some two million tons of coal per 
year 

Since 1950, the art of big shovel making 
has increased dipper size from 35 to 45, 55, 
60, and now 70 cubic yards per bite. Most 
of the buckets and dipper sticks of these 
giant shovels are made of USS ““T-1” Steel, 
for otherwise, it would be almost impossible 
to make them light enough and tough enough. 
They hold up in this service, taking terrific 
impact abrasion and shock loading, even in 
the dead of winter. This is possible because 
USS “T-1" Steel retains its toughness at 
temperatures far below zero. 


Dipper Size Increased 25% 


USS ““T-1" Steel has often enabled a boost 
in the capacity of original equipment without 
increasing weight. For example, a 20-yard 
bucket was replaced with a 24-yard ““T-1" 
Steel job. Other dippers were boosted from 
26 yards to 32, and 36 yards to 45— increases 
of 25°%. 

Many other parts—dipper stick, bail han- 
dles and crowd rack—are built stronger and 
lighter with this 90,000 psi minimum yield 
strength constructional alloy steel. (USS 
*T-1" Steel plates up to 2'¢ inches thick 
inclusive are now available with a minimum 
yield strength of 100,000 psi.) 

The booms and A-frames of most shovels 
over 45 yards are designed with high- 
strength low-alloy steels with 50,000 mini- 
mum yield point .. . usually USS Tri-Ten 
Steel. 

Perhaps you need a steel that offers higher 
yield strength, extraordinary toughness and 
resistance to impact abrasion, combined with 
relative ease of fabrication. USS ““T-1" Steel 
is your answer, and we'll gladly help you 
adapt it to your application. For free booklet, 
write United States Steel, 525 William Penn 
Place, Pittsburgh 30, Pennsylvania 

USS, “T-1" and TRI-TEN are registered trademarks 


70-yard dipper and handle, crowd rack, bail and sheave blocks — 
all built stronger and lighter with USS “T-1"" Steel 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Stee! - San Francisco 
Tennessee Coal & tron - Fairfield, Alabama 
United States Stee! Supply - Stee! Service Centers 
United States Stee! Export Company 


United States Steel 
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12 tons of forged steel 
for Yankee fission 


The picture shows a steam generator tube 
sheet forging (one of four) destined for a 
134,000-K W nuclear-fueled power plant owned 
by the Yankee Atomic Electric Company, in 
Rowe, Massachusetts. 

It’s a $50-million plant that uses a pressur- 
ized water reactor. The USS Quality Forging 
tube sheet is 85" in diameter by 26%" thick. 
Some 1600 holes will be drilled through the 
forging longitudinally, and in these noles will 
be placed stainless steel tubes which will carry 


high pressure, high temperature main coolant 
water. 

The forged tube sheet is made from carbon 
steel with a pinch (.057% ) of vanadium in it. 
Starting from the raw ingot, it was heated, 
forged, rough machined, normalized, tem- 
pered, rough machined again, then quenched 
and tempered. It received a great variety of 
tests along the way —including several ultra- 
sonic tests. The forging, as shipped, weighed 
25,500 pounds. 

Nuclear power plant designers have known 
from the beginning that it is extremely impor- 
tant to use highest quality components. That’s 
the reason why they come so often to United 
States Steel for its justly famous USS Quality 
Forgings. And although the one shown here is 
not complicated, the Forgings Division of 
USS Homestead District Works has produced 
a great many complex forgings in everything 
from carbon to stainless steel, including discs, 
tapered domes, flanges and cylinders of all 
types. 

No matter what kind of a forging you need, 
isn’t it a good feeling to know that the men 
who will make it have a solid background of 
experience? We'd appreciate your inquiries or 
requests for our free folder on USS Nuclear 
Forgings. Just write United States Steel, 525 
William Penn Place, Pittsburgh 30, Pa. 

USS is a registered trademark 
United States Stee! Corporation - Pittsburgh 
Coltumbia-Geneva Stee! San Francisco 


Tennessee Coal & tron - Fairfield, Alabama 
United States Stee! Export Company 


United States Steel 
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Circular Revolving Hearth Furnace featuring an unusual inner domeconstructed with acastable refractory bonded with 


LUMNITE caicium-aluminate cement. Furnace diameter is 17 feet; 9" thick concrete dome has 289 holes (5S diameter) 


Heat passes downward through dome openings to anneal! shelis in furnace 


... for low cost furnace construction and maintenance 


@ Refractory concrete (with ATLAS* LUMNITE cement) stands up 
under continuous soaking heat . . . protects against thermal shock due to 
heating-cooling cycles . . . provides insulation. 

Easy, economical to place . . . by precasting, troweling or guniting . 
concrete reaches high strength 24 hours after placing 

For maximum convenience, use castables made with LUMNITE* 
cement. These are packaged mixtures, ready for use. Simply add water, 


mix and place. Made and distributed by leading manufacturers 


refractorics. 
Universal Atlas Cement 
Write for ““Lumnite Refractory Concrete Manual” Division of United States Steel 


Universal Atlas, 100 Park Avenue, New York 17, N.? is 
TRADE MARK 


OFFICES: Albany: Birmingham Boston Chicago’ Dayton + Kansas City> Milwaukee + Minneapolis New York Philadelphia Pittsburgh St. Louis Waco 
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PERECO does it Better Electrically = 


Electric heat can be controlled with greater accuracy and precision— 
and is clean, efficient and versatile. And Pereco, through years of 
specialization and continual development, has designed a line of fur- 
naces utilizing electric heat to its maximum advantages. This is being 
proved daily, by enthusiastic Pereco users in every category through- 
out the industrial world. Regardless of the nature of your furnace 
requirement—for temperature ranges from 450°F to 5000°F—you'll 
find Pereco the most experienced and qualified organization with whom 
to consult, for supplying the best equipment for handling your work. 


Electric Furnaces 


for Shop, Production and Research 


BELOW 


Caster mounted, easily 
moved, completely pack- 
aged genera! porpose 
heat-treating furnace, 
Powered for heavy loads 
and tapid recovery. Air lift 
Flame curtain — at- 
mosphere control. Choice 
of automatic controls 


Units shown are typical ex- 
amples of scope of the Péreco 
line. While many standard 
units, in a wide range of sizes 
or with modifications will han- 
dle the majority of special 
requirements, Pereco is pre- 
pared and qualified, through 
their long experience, to de- 
sign and recommend the 
proper unit for the most 
specialized need. 


LEFT 


A high temperature, in- 
verted pit or elevator 
type furnace with plug 
door. Door serves as 
hearth and, when lowered, 
rolis forward for easily 
loading heavy or bulky 
work. For temperatures to 
2750° F (2900° F avail 
able) 


| 


A vertical carbon-resistor 
tube furnace for funda 
mental research in metal- 
lurgy and related fields. 
Meintains plus or minus 
20° F up to maximum of 
5000° F. Maximum fiexi- 
bility of heat-up rate with 
Wite range turn-down. 
Also available in horizo 
tal design. 


LEFT 


A tungsten reduction fur-— 
nace. Continuows-belt al- 
loy mutfie. A typica 

example of Pereco 
tionalized, straight - line 
production units. With o 

without protective atmos. 
phere at ranges to 1950° F 
—2100° F. é 


Wuk 


—fer get acquainted 
letin —er consult with 
en your specific re 
ments. 


PERENY EQUIPMENT COMPANY 
| Dept. Q, 893 Chambers Road - Columbus 12,Ohio \ 8 / 
Export Office: Ad. Auriema, Inc., 89 Broad St., N.Y. 4, N.Y. : 
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ANOTHER INDUCTO INSTALLATION... 


PHOTO COURTESY OF INVESTMENT CASTING COMPANY 


INVESTMENT CASTING Gets Extra Castings 


Per Day With INDUCTO Furnaces 


The efficiency and performance of the 
INDUCTO high-frequency induction furnaces 
at Investment Casting Company, Springfield, 
New Jersey, account for extra castings per 
day. For in addition to high melting speeds 


and the resulting low metal losses, the 
INDUCTO equipment helps minimize rejects. 
The controllable analysis of alloys in heat 
after heat and the homogeneity of melts con- 
tribute to consistently higher quality castings. 

Investment Casting Company benefits from 
other features of the INDUCTO melting equip- 
ment, too! The rugged welded construction 
of the furnace frame assures longer lining life 


through less distortion. The compact control 
panel puts all the controls, including the selec- 
tor switches, within convenient reach of the 
operator while occupying very little floor 
space. The water-cooled power leads enter 
the furnace through the trunnion, thereby re- 
ducing twisting and flexing in addition to 
providing shorter leads for greater operating 
efficiency. 


Why not learn how you, too, can save time 
and money through the use of modern 
INDUCTO metal melting equipment? Write 
today for Bulletin 70. 


INDUCTOTH HRM 


corporation 
412 Wlineis Ave. Delonco, J. 
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Sh ONE DEPENDABLE SOURCE for all your fabricated metal parts 


only MUELLER BRASS CO. offers 


all these metal fabricating methods to assure 
you the best product at the best possible price 


To obtain the desired physical and design requirements in a part at the lowest unit cost, there is usually 
one specific process by which that part can be most successfully and economically manufactured. Because 
the Mueller Brass Co. offers all these methods of production, you get sound engineering, the best method of 
fabrication and the assurance of getting the best product at the lowest cost. Sales and engineering service 
is available to you at Mueller Brass Co. offices throughout the United States. Make Mueller Brass Co. your 
one dependable source for all your fabricated part needs. 


forgings 
The Mueller Brass Co. is the world’s largest pro- 
ducer of brass, bronze and aluminum forgings. 


impact extrusions 


short production runs of simple or complex shaped 
parts on an economical basis. 


screw machine products 


260 


aA 
ee MUELLER BRASS CO. port HuRON 28, MICHIGAN 
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. The Mueller Brass Co. now offers “Cold-Prest” 
: non-ferrous and ferrous impact extrusions. Flex- 
ible new facilities makes practical either long or 
a>. 
E 
ee ee The Mueller Brass Co. maintains one of the 
largest automatic screw machine departments in 
the country, speciclizing in the manufacture of 
non-ferrous ports . . . completely equipped te 
| perform secondary operations. 
a powder metal parts 
Precision ferrous and non-ferrous powder metal 
ports ore available from Mueller Brass Co. 
through its subsidiory, The American Sinteel 
— poration. 
castings 
The Mueller Brass Co. has modern foundry 
| equipped te produce quality brass and bronze 
castings to your specifications. 
formed copper tube 
vos The Mueller Brass Co. offers complete facilities for 
producing formed copper tube shapes and as 
es) 1 semblies to the most demanding tolerances. 
also producers of: 
; hg Super Cutting Red Tip Brass Rod * Aluminum Ex- 
- be 4, trusions * Aluminum Sheet, Coil and Strip * Plastic 
« Pipe and Fittings * Copper Tube and Solder Type 


A complete FINKL SERVICE - 


FROM BLUEPRINT TO FINISHED PART 


Many companies profit from Finkl’s complete package service on finished 
machine parts. Williams-White & Company of Moline, Illinois, manufacturers 
of heavy machinery, called on Fink! for the forged steel, main cylinder shown 
above. It is used on a 300 ton plastic molding press employed for pilot molding 
procedures prior to production molding runs. 

The entire cylinder was handled in our plant. Made of C-1035 steel from our 
electric furnace melt shop, the part was forged, heat treated, rough and finished 
machined under one roof. The 17” bore was ground to Me Final dimen- 
sions, as delivered and installed, were 6’-1” long with the main body 22” in 
diameter. 

With modern equipment and skilled craftsman, we do jobs both larger and 
smaller than the cylinder shown. The important thing is we do all of them well. 
Next time you are planning a machine part call a Fink! engineer and learn how 
you can profit by having it done under one roof. 


A. Finki & Sons Co. 


2011 SOUTHPORT AVE: CHICAGO 14, ILLINOIS 


Offices in: DETROIT +» CLEVELAND + PITTSBURGH + INDIANAPOLIS - HOUSTON «+ ALLENTOWN «© ST. PAUL 
COLORADO SPRINGS + SAN FRANCISCO + SEATTLE - BIRMINGHAM + KANSAS CITY « BOSTON « LOS ANGELES 
Warehouses in: CHICAGO + DETROIT » BOSTON + LOS ANGELES 
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1,800,000 cfh 
of RX generator atmosphere 


That's the combined capacity of all the Surface RX® gas 
generators sold since this first one started operating April 4, 
1941. This was the first practical catalytic gas generator for 
continuous bright gas carburizing . . . and it’s still in use at 
Warner Gear Division, Borg-Warner Corp. 

Such long-term reliability is only one of the reasons 
why so many plants standardize on Surface gas generators. 
Controllability, flexibility, turn-down operation, variety of 
gases and capacities are some of the other reasons, We'll be 
happy to tell you more about them, 

Surface Combustion Corporation, 2377 Dorr St 

Toledo, 1, Ohio. In Canada: Surface Industrial Furnaces 
Ltd., Toronto, Ontario 
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complete your Riehle 
testing machine 


reference file... 


RIEHLE 


TORSION TesTERS 


You can take the first step toward 
solving your materials problems by 
bringing your Riehle testing machines 
catalog file up to date. Check the 
list below, clip it to your letterhead, 
and we'll send the catalogs you 
request promptly, without obligation. 


Universal Hydraulic Testing Machines and 
Accessories 


(_] Horizontal Tensile Testing Machines 


(_] Impact Testing Machines 
Uni | Screw P Testing Machi 
Testing Machines Guide 


Construction Materials Testing Machines Richle Recorder and Accesories 


and Accessories () Riehle Electro-Balanced Indicator Unit 
Torsion Testing Machines 


Creep and Stress-Rupture Testing Machines 


Losenhausen Fatigue Testing Machines 
Brinell Hardness Testers 


& 
Vickers Hardness Testers Riehle TESTING MACHINES 


Portable Hardness Testers 


A DIVISION OF 


Cable and Wire Testers American Machine and Metals, Ine. 


EAST MOLINE, ILLINOIS 
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Shaker Hearth Furnace 

The American Gas Furnace Co. has 
announced a new line of reciprocating 
furnaces designed for the bright an- 
nealing and bright hardening of small 
stainless steel parts at temperatures 
up to 1900° F. The latest model has 
a capacity of approximately 100 Ib. 
A forward movement is imparted to 


the work conveying muffle and the 
workpieces resting in it. The forward 
movement is interrupted suddenly, 
causing the workpieces to advance 
by their own momentum. An alloy 
muffle incorporates a purging, heating 
and water-jacketed cooling section, 
and seals into an automatic conveyor- 
ized oil tank. 

For further information circle No. 651 
on literature request card, page 48-B. 


Conversion Coating 

A new conversion coating machine 
has been announced by Hanson-Van 
Winkle-Munning Co. It is recom- 
mended for blackening, phosphating, 


bright dipping, precleaning and pick- 
ling. Selective timers control each 
treatment tank. The machine loads 
and unloads automatically. The only 
moving components are the elevator 
framework, which runs the length of 
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the machine, and the work load. 
Chains and drive provide travel from 
station to station and return to start- 
ing point. Another drive lowers and 
raises the elevator framework. 

For further information circle No. 652 
on literature request card, page 48-B. 


Vacuum Etcher 

Nuclear Materials & Equipment 
Corp. has announced a_ cathodic 
vacuum etcher for metallographic 
samples, complex alloys and disper- 
sions which are difficult to etch or can- 
not be etched satisfactorily by chem- 
ical means. It is available in models 
suitable for either remote handling in 
hot areas or for direct use in un- 
irradiated areas. Etching time is 1 
to 3 min. 
For further information circle No. 653 
on literature request card, page 48-B. 


Ultrasonic Machine Tool 

A bench-type ultrasonic machine 
tool has been announced by the Shef- 
field Corp. It requires less than 2 by 
4 ft. of bench space, but is capable 
of handling production as well as 
experimental machining of hard brit- 
tle materials. The machine has an 
effective machining area ranging from 
1/64 to 1 in. in materials such as 
germanium, silicon, ferrite, hardened 
steel and carbide. Model No. 200-B2 
utilizes a magnetostrictive transducer 
to provide up to 25,000 machining 
strokes per second. The transducer is 
powered by a 110-volt, 60-cycle, a.c. 
electronic generator supplying 250 
watts output. An automatic tuning 
device in the generator senses and 
compensates for tool wear. 
For further information circle No. 654 
on literature request card, page 48-B. 


Compacting Press 

New single-pressure powdered metal 
and ceramic compacting presses have 
been announced by F. J. Stokes Corp. 
The new 20-ton presses can make 
tablets up to 3 in. in diameter and 
2-in. depth of fill, at the rate of 16 to 
48 pieces per minute, depending on 
the material being compacted. Press 
adjustments have been grouped to- 
gether at the front of the machine. 
Indicators close to the compacting 


point show the exact amount of upper 
punch entrance and the location of 
the fill stop. 

For further information circle No. 655 
on literature request card, page 48-B. 


Film Tester 

An instrument which can determine 
film properties in a manner that can 
be recorded in numerical values has 
been announced by the Forma Scien- 
tific Co. This machine rates cohesion, 
adhesion, mar and abrasion resistance, 


impact resistance, scrub resistance 
and cross-hatch test for brittleness. 
These factors are rated numerically 
by specialized tools which are attached 
to the machine for each test. Run- 
of-the-mill laboratory panels, regard- 
less of size or thickness, can be 
evaluated. 

For further information circle No. 656 
on literature request card, page 48-B. 


Clad Metal 


Metals & Controls Corp.’s General 
Plate Div. has announced aluminum- 
clad copper featuring a five-ply con- 
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SPENCER blowers 


NOTE: 


Furnace is used by The 
Lithium Co. to demonstrate 
quality heating processes. 

is placed in various plants 

to prove the processes. 


FURNACE 
HEARTH 6” x 0” 
DOOR HEIGHT 
TEMP, RANGE.. .1200-2500°F 
FUEL: Oi! or Gos 


BLOWER 


TYPE: SPENCER CENTRIFUGAL 
TURBO-COMPRESSOR. 


DIRECT FIRED RECUPERATIVE ATMOSPHERE  SCALE-FREE HEATING 
FURNACE BY THE LITHIUM CO. . . EQUIPPED WITH SPENCER BLOWER. 


preferred on countless 
industrial heating applications 


SPENCER blowers . . . competitively priced ... are consistently preferred by lead- 

ing manufacturers of industrial furnaces of all types because of: 

Complete Dependability—Rugged castings, sheet steel fabrication, simple con- 
struction and wide clearances mean long, trouble-free performance . . . assured 
proper air delivery. 

Engineering Cooperation—The vast experience and thorough technical knowledge 
of field representatives and staff engineers are always available to assist in de- 
veloping or adapting a reliable Spencer blower to any new or unusual need. 

Whatever your blower requirements, for incorporation on original equipment or 

for replacement, it will pay to check with SPENCER. 


™e SPENCER 


SPENCERE TURBINE COMPANY 
Request Bulletin HARTFORD 6, CONNECTICUT 


126-B containing 
complete information 


and specifications on OTHER QUALITY STATIONARY PORTABLE [ PNEUMATIC 
Spencer Blowers. VACUUM VACUUM : CONVEYING 

SPENCER PRODUCTS SYSTEMS CLEANERS i SYSTEMS 
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struction having a copper core up to 
40% of the total strip thickness. This 
results in a composite metal stock 
with improved heat conductivity. All 
components of aluminum-iron-copper 
strip are joined by a metallurgical 
bond without the use of intermediate 
brazing materials. 

For further information circle No. 657 
on literature request card, page 48-B. 


Vacuum Furnace 

A new furnace with multiple button 
hearth producing high-purity evalu- 
ation melts has been announced by 
Zak Machine Works, Ine. The 
chamber is water cooled is 
charged at table top level. Side and 
light ports are arranged around a 
vacuum sealed swivel that houses the 


water-cooled stinger rod. glove 


port is provided for inverting the but- 
tons, This furnace makes small 
poundage melts with either consum- 
able or nonconsumabie electrodes by 
using interchangeable hearths. The 
vacuum system consists of a mechan- 
ical pump backing an oil diffusion 
pump. The power source is a 40-volt, 
500-amp. rectifier, or power can be 
supplied by a d.c. welding source. 

For further information circle No. 658 
on literature request card, page 48-B. 


Machining 

The Research Div. of Elox Corp. 
has announced the development of a 
new machining process, electrochem- 
ical machining. Maehining is com- 
pletely electronic from start to finish. 
An electrode and workpiece are sub- 
merged in a saline solution and metal 
is removed by an electrochemical ac- 
tion controlled by a servo feed system 
that automatically advances the elec- 
trode into the workpiece as the 
machining progresses. The currents 
that can be used are unlimited and the 
gap between the electrode and work- 
piece which controis the accuracy of 
the finished product has a low limit of 
0.015 in. at the present time. Metal 
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presently available in sizes from 
0.062 to 0.004 in. 


For further information circle No. 660 
on literature request card, page 48-B. 


Low-Temperature Cabinets 
Cincinnati Sub Zero Products will 
exhibit two new low temperature cab- 
inets at the Metal Show, Oct. 27 to 31. 
Model AL-120-2 has a chamber ‘size 
of 24 by 12 by 12 in. Standard oper- 
ating range is —70 to 35° F., but 
this unit can be furnished with either 
higher or lower ranges of tempera- 
5000 amp. ture. The refrigeration system is of 
the cascade type. Model SA-1803 
(shown below) has an operating range 


removal rates using a 
power supply rating would be 30 cu. 
in. per hour with a minimum electrode 
area of 100 sq. in. Using a 50,000 
amp. power supply rating, metal 
removal rates are 300 cu. in. per hour 
with a minimum electrode area of 
1000 sq. in 


For further information circle No. 659 
on literature request card, page 48-B. 


Brazing Wire 

Little Falls Alloys has announced a 
new nickel-coated titanium wire for 
use primarily as a material for ce 
ramic-to-metal brazing. The alloy will 
melt to bond with the ceramic, form 
ing an air-tight seal. The wire is 
composed of approximately 71.5% 
titanium and 28.5% nickel, and is 


hardness tests increase plant capacity 


By knowing the hardness of incoming parts 
you can reduce number of processing steps 


Every production program has a bottleneck. Steel 
City Brinell testers can stop the broken-tool 
bottlenecks caused by too-hard parts. 

For example, a maker of transmission cases 
has solved two problems with one “Color-Glance” 
tester. All incoming cases ore tested; only hard 
ones need be annealed. Tool breakage is mini- 
mized, and limited annealing capacity is not 
overloaded. 

Steel City “Color-Glance” Brinell hardness 
testers are high-production units. Relative hardness 
is shown by colored lights to reduce errors and 
fatigue. Optional equipment: workpiece locators, 
conveyor sections, counters, etc. 


Steel City hos solved many hoardness-testing 
problems—loboratory, low-volume, portable. A 
stondard machine may meet your needs. 


Tell us your testing problem; ask for literature. 
— 


8811 Lyndon Ave., Detroit 38, Mich. 


‘ 
— 
4 
My@ostatc Flex lester Proving instruments 
i= 
i | | 
| 
ater Hardness 
— WETAL SHOW €. 
25 
| 


COLLOIDAL GRAPHITE, —_— 
VERMICULITE, AND OTHER SOLI 


Colloidal graphite increases die life be- 
cause of its stability at high temperatures, 
excellent lubricating qualities, and its 
ability to prevent adhesion and the scrub- 
bing effect of hot metal. This cannot be 
said of conventional petroleum com- 
pounds which either decompose rapidly 
at temperatures above 300°F or do not 
possess the required lubricity necessary 
under good die casting procedures. It will 
not volatilize when in contact with the hot 
metal and cause pock marks due to gas 
formation. It will perform when present 
in extremely thin films which will not 
affect dimensions or cause discoloration 
of the parts being cast. And since it does 
not volatilize or otherwise be destroyed 
in the casting process, it does not need 
to be applied as often as other lubricants. 
This fact alone has often increased pro- 
duction as much as 25%. Investigate the 
use of an Acheson colloidal dispersion 
in solving your die casting problem. . . 
It probably is the very answer you need. 


New York © Phi 


SUPERIOR CASTINGS, LONGER DIE LIFE 
ATTRIBUTED TO ‘DAG' DISPERSIONS 


Die casters and molders are expressing a growing preference for Acheson “dag” 
brand colloidal dispersions. The consistent high quality of these products and 
the multiple benefits they offer have obsoleted most other mold cavity coatings. 
As outlined below, Acheson dispersions greatly aid in the manufacture of more 
uniformly sound castings having smoother surface finishes, facilitate metal flow 
and parting, and consequently extend the effective service lives of the dies and 
molds on which they are used, 


Acheson ‘Prodag’™, spray-applied on permanent molds at Paragon Aluminum Corporation, 
has given them consistently higher quality castings and fewer rejects. 


Better surface finish with ‘Prodag’ permanent mold coating is just one of the 
reasons why Paragon Aluminum Corporation, a Division of Detroit Harvester 
Company located at Monroe, Michigan, switched te this Acheson product. After 
four years of experimentation with other mold washes, Paragon chose *Prodag’ 
Acheson semi-colloidal graphite in water — and has used it constantly the past 
seven years. The reasons for its choice are these; uniform consistency, excellent 
heat-transfer quality, and its hard, smooth, tenacious film which resists flaking 
and provides easier parting characteristics. 

With about 95 per cent of its annual output of more than two million pounds of 
castings going to the automotive industry, Paragon must insist upon quality. 
‘Prodag’ helps to maintain this stan- 
dard. These parts for convertible auto- 
mobile tops are precision-molded from 
both 355 and 319 aluminum alloy. 
Molds are preheated before each day's 
run to 600°F and the casting cycle 
maintains this temperature. The ‘Pro- 
dag’ dilution ratio is 1 to 4 parts water 
and is applied to the molds with a 
commercial spray gun. Aside from oc- 
casional touchup at points of greatest 
wear, this coating lasts through the 
entire run. Because of the physical 
contours involved in these compara- 


Typical ports cast at Paragon Aluminum , ‘ , 
tadude these Guten ebile csavertible tively small, light castings, they re- 


top braces. More uniform strength, 
better finish, and fewer rejects result 
from this company's use of Acheson 
*Prodag’. 


quire rapid cooling in certain areas to 
insure uniform strength. The ‘Prodag’ 
coating — with its proven fast heat 
transfer ability — allows the castings 
to cool without breaks or pinholes. And 
by parting more easily, the high-finish 
castings which result have given Para- 
gon Aluminum products wide accept- 
ance in this demanding industry. 


Visit Acheson Booth No. 2777, 
National Metal Exposition 


If you have a metal casting problem 


ACH ESON lolloids Company i call in your Acheson Service Engineer. 
PORT HURON, 
A division of Acheson Industries, inc. 


Also Acheson Industries (Europe) Ltd. and affiliates, London, England 


Or if you prefer, write direct for addi- 
MICHIGAN i iL] tional information contained in our Bul- 
— letin No. 425. Address Dept. MP-108. 


‘dag’ and ‘Prodag’ are trademarks registered in the 
U.S. Patent Office by Acheson Industries, Ine. 


Offices in: Boston « Dayton © Detroit « Milwaukee 


© Pittsburgh Rochester St. Louis T 
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to —-180° F. The machine has a dual 
cascade refrigeration system and is 
portable 

For further information circle No. 661 
on literature request card, page 48-B. 


Resistance Heaters 

A line of electric resistance heaters 
for close control of temperature in 
processing metals has been announced 
by Wheelco Instruments. They are 
produced by the Herscott Co. The units 
consist of a resistance heater, tem- 
perature sensing head and recording 


controller. Standard units are 10, 20, 
30, 50 and 100 kw. Heaters are port- 
able and can be used for wire drawing, 
extruding, hot heading, forging, up- 
setting, roll forming and heat treat- 
ing. The Wheelco recorder-controller 
makes it possible to tie in heaters 
with an automatic work cycle. 

For further information circle No. 662 
on literature request card, page 48-B. 


Powdered Metal Press 

A powder compacting press, capable 
of compressing two entirely different 
materials in the same operation, has 
been announced by the Kux Machine 


Co. Two independent, shuttle-type 
feed shoes and hoppers make possible 
bi-material compacting at production 
speeds up to 15 per minute. Presses 
are built in 50, 100, 200, 300 and 
500-ton sizes. 

For further information circle No. 663 
on literature request card, page 48-B. 


Ultrasonic Cleaner 
A new ultrasonic cleaning unit with 
a 5-gal. tank has been announced by 
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Acoustica Associates, Inc. A pulsing 
generator delivers an output of 1 kw. 
peak power which makes possible 
maximum cavitation with minimum 
power consumption. The tank is 14 
by 10 by 9% in. and is designed for 
cleaning large parts. 

For further information circle No. 664 
on literature request card, page 48-B. 


High-Vacuum Gage 

A new high-vacuum thermocouple 
gage and matching control, covering 
the range 2500 to 1 micron absolute, 
have been announced by NRC Equip- 
ment Corp. Response time of the new 
gage is from 1 to 1000 microns in 
less than 3 sec. Unit is unharmed by 
operation at pressures up to 60 psi. 
The two-station control supplies the 
power to and interprets the output 


from the gages. It requires less than 
6 watts of 115-volt, 60-cycle power 
and weighs less than 6 lb. 

For further information circle No. 665 
on literature request card, page 48-B. 


Temperature Determination 
Tempil® Corp. announces an ex- 
tended line of temperature pellets to 
be exhibited at the National Metal 
Show, October 27 to 31. New pellets 
are available for 2550, 2600, 2650 
and 2700° F. for high-temperature 
applications such as jet engines and 
rockets. 
For further information circle No. 666 
on literature request card, page 48-B. 


Combination Rolling Mill 
The development of a 2-high/4-high 
combination rolling mill for applica- 
tion in metallurgical production and 
research work has been announced by 
Loma Machine Mfg. Co. The new 
machine can be converted from a ver- 
tical strip mill to a horizontal mill 
used in the compacting of metal 
powders into sheet and strip. The 
heavy-duty design allows the mill to 


WORD FROM 


NEW LINE OF GAS-AIR MIXORS 


As always, the actual user is the best 
salesman of a good product. Many of 
the furnace companies to whom we 
supply mixing equipment for genera 
tors report that their customers mur- 
mer quiet, but definitely audible noises 
of pleasure at the precision and sim- 
plicity of Waukee Mixors. When we 
started out, we hoped, of course, that 
this would be so — but we love being 
reassured 

For the benefit of those of you who 
have complained that we did not go 
large enough, we report that we now 
have Mixors in sizes to 15000 CFH for 
use with exothermic or endothermic 
generators, or other gas-mixing jobs 
Best of all, the same Waukee features 
extend from the smallest 200 CFH unit 
to the 15000. This includes (1) the 
simple direct-ratio adjustment with no 
gears, (2) the easy-cleaning feature of 
a carburetor with a quickly removable 
top cap, so the user can keep the car- 
buretor in top shape with 5 minutes 
of maintenance, (3) the bomb-sight 
type precision indicator dial which al 
lows the carburetor to be accurately 
re-set — plus the fine clean design 
which has always been an important 
part of Waukee equipment. 

As one furnace engineer exclaimed 
just the other day: “My gosh, it works 
as good as it looks!” 


MILESTONE 

By the time this ink gets dry, the 
10,000th Waukee Flo-Meter will be off 
the line. We remember calling the en- 
tire organization together when we dis 
covered we had made 1000 Flo-Meters. 
All four of us at the time were proper 
ly amazed. When last heard from, No. 
1000 was still going strong. No 10,000 
will have no such glorious career. We 
are just sentimental enough to take it 
fresh from the line, mount it on a var- 
nished board like a tarpon, and hang 
it up in the front office. 

Whoever gets No. 10,001 can be our 
guest for Milwaukee gemiitlichkeit by 
identifying himself at 5138 North 35th 
Street, Milwaukee. 


ROTARY-VANE COMPRESSORS 
INDUSTRIAL WASHING MACHINES 
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The punishing impact of cleaning and 
peening operations calls for a metallic abra- 
sive that can stand up and be counted. 


The Blastrite line does that and more, 
simply because it’s produced to consistently 
rigid specifications. 


We have a small plant but we have large 
ideas about quality. You get guaranteed 
quality when you get Blastrite shot and grit. 


Write for our catalog or outline your 
metallic abrasive requirements to our nearest 
representative. 


Packaged the way you want it. 


BUY BLASTRITE!—. 


Steel Pearlitic Malleable 
iron "B” 
Chilled Iron + Drawn Steel 


One of a Series on Applications of 
Electric Arc's Smith-Dolan Units — 
Today's Most Versatile Heat-Treatirg 
Tools. 


STO P WELD FAILURE 


with the 
SMITH-DOLAN SYSTEM 


of Low-Frequency Induction Heating 


Here is the versatile heat-treating tool you need for producing sound 
welds easily and economically in carbo-alloy and other types of steel 
pipe .. . here is precision control of heating cycle when pre-heating 
ond stress relieving — uniform, through-and-through heating of solid 
sections up to two feet thick and more — pushbutton operation — 
complete portability for on-the-job heat treoting anywhere 


Many Money-Saving Applications — The Smith-Dolan System simplifies 
ond upgrades work quality in numerous applications ranging from 
welding to forming and annealing. Units ore available for 60 cycle 
heating in capacities ranging from 10 to 150 KVA .. . for 400 cycle 
heating . . resistance heating. Pre-engineered with complete in- 
strumentation, accessories. 


“On Trial’ Installations on Rental Basis — Prove the many Smith- 
Dolan advantages in your own plant without copital investment. Write, 
wire or phone. 


Electronic recording gives permanent 
charts of heot run on this standard 
Smith-Dolan model. Coils permit work 
at 50 feet or more from unit. Eye hooks 
provide for easy handling by crane. 
Products ranging from a fraction of an 
inch to 10 feet in diameter can be 
heat treated on the job. 


New Brochure Send today for your copy 
of “Smith-Dolan System of Low-Frequency 
Induction Heating.” 


WIC, IC 
152-4 JELLIFF AVENUE, NEWARK 8, N. J. 


Bigelow 3-3211 


Representatives in Principal Cities 
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take reductions of more than 50% 
per pass while maintaining tolerances 
as close as 5% of thickness. The 
2-high arrangement is used for either 
hot or cold breakdown rolling of plate 
and sheet, and grooved rolls are also 
available to process rounds, squares 
and other shapes. In the 4-high setup 
strip is cold finish rolled to gages as 


thin as 0.002 in. The optional conver- 
sion feature 


allows the mill to be 
arranged in the horizontal plane for 
the direct compacting of powder into 
sheet and strip. For such an operation 
a special feed hopper, powder entry 
guide and exit chute are applied to 
the &% in. 
they can produce compacted materials 
up to \%& in. thick. 

For further information circle No. 667 
on literature request card, page 48-B. 


diameter 2-high rolls so 


Atmosphere Furnace 

A new atmosphere box furnace for 
operation to 2000 F. has been an- 
nounced by the Pilot Plant Div. of 
Lindberg Engineering Co. The cham- 
ber dimensions are 8 by 13 by 5 in. 


All electrical components and controls 
are mounted in the furnace base and 
prewired and piped. Furnace chamber 
is protected by an automatic flame 
curtain which ignites when the fur- 
nace door begins to open. 

For further information circle No. 668 
on literature request card, page 48-B. 


OCTOBER 1958 


Wire Flattening Mill 

At the National Metal Exposition, 
October 27 to 31, the Fenn Mfg. Co. 
will exhibit a tandem wire flattening 
mill line which will consist of a loose 
bundle pay-off reel, a two-high rolling 
mill with & in. diam. carbide shell 
rolls. A model 3TH turks head will 
be mounted directly behind the mill 
to edge the stock and the material 
then will be coiled in a traversing 
bundle on a hydraulic take-up reel. 
This entire line will be producing a 
section 0.020 by 0.103 in. at a speed 
of 500 fpm. 


For further information circle No. 669 
on literature request card, page 48-B. 


Nondestructive Inspection 

New, multi-frequency equipment 
for nondestructive inspection of both 
nonferrous and nonmagnetic metals 
Magnetic 
This equipment is 
adapted for production line or inde- 
pendent testing of tubing, bars and 
wire for surface and subsurface de 


has been announced by 


Analysis Corp. 


fects, grade, dimensions, and physical 
and metallurgical properties. Inspec- 
tion speeds range from 200 to 600 ft. 
per min. Coils are available for test 
ing material from \% to 3 in. outside 
diameters. Multi-frequency equipment 
utilizes two operating 
simultaneously, with two flaw detec- 


frequencies 


tion circuits and one property varia- 
tion detection circuit for 
quency. Three frequency 


each fre 
ranges of 
seven frequencies each are available, 
covering from 1.8 to 700 ke. 


For further information circle No. 670 
on literature request card, page 48-B. 


Forgings 

The Metals Processing Div. of the 
Curtiss-Wright Corp. has announced 
a new forging technique which utilizes 
four die-faced hammers to forge a 
vertical, rotating billet of steel or 
other alloy into a final shape. The 
rotary forge will work hot or cold, 


‘ 


Be Transfer Many Thermocouples 


With T-E Quick-Coupling Connectors and Panels 


Connector Panels T-E has one for your exact needs. These ponels provide flexible, 
centralized control in transferring any number of thermocouples to indicating, multi- 
point recording and controlling pyrometers. Ideal for patch ponel use, they are 
available in many compact shapes and sizes — with interchangeable plugs and jacks 
in 1-C, C-C, and C-A. A panel for 48 thermocouples and 16 pyrometers measures only 
13%" x 7%". Polarity markings and screw-fastened connections make wiring easy. 
Quick-Coupling Connectors These connectors permit fast, easy making oad 
breaking of thermocouple circuits. Durable construction guarantees long, dependable 
usage. Polarized and mechanically interchangeable, all plugs and jacks are of 
standard matched thermocouple materials. Spring-loaded contacts with long wiping 
surfaces provide firm but easily broken connections. 


Write for Bulletin 23 —H, 


Thermo Electric 6.inc 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 
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ew Protection 
For YOUR 
Equipment— 

At Temperatures 

Up To 3300F 


The new Norton ALUNDUM Cast- 
ables are made in two types: 33-I In- 
sulating and 33-HD Heavy Duty. At 
temperatures up to 3300°F both 
types have been extremely successful 
in protecting high temperature proc- 
essing in many industries and 
many different installations. 

ALUNDUM 33-I Insulating Castable 
is made up primarily of pure alumi- 
num oxide bubbles, tiny and count- 
less. Forming a network of air spaces, 
it assures excellent insulation, even 
at highest commercial temperatures. 

ALUNDUM 33-HD Heavy Duty 
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ALUNDUM* castables 
offer unusual 
advantages to all 
industries using 
high temperature 

installations 


Will fire continuously up to 3300°F. This Harrop gas-fired furnace, 
recently developed by the Electric Furnace Division of the Harrop Ceramic 
Service Company, Columbus, Ohio, is particulariy applicable to the firing 
of ceramic oxide bodies. Norton ALUNDUM 33-1 Insulating Castable 
selected for the inner lining of the furnace and its roof, provided com- 


pletely satisfactory protection under repeated tests at highest operating 


temperatures. 


Castable is chiefly composed of dense 
grains of pure aluminum oxide. It is 
recommended for forming dense mon- 
olithie surfaces in many types of fur- 
naces where high temperature condi- 
tions are particularly severe. 

Both 33-I and 33-HD Castables 
are very easy to store, mix and use. 
With them you can cast simple or 
complex shapes quickly and eco- 
nomically, replace more expensive 
pre-fired shapes, and cut mainte- 
nance and replacement costs to very 
lowest. Ask your Norton Represen- 
tative for details, and for the folder 


Two Norton Castables. Or write to 
NORTON COMPANY, Refractories 
Division, 329 New Bond Street, 
Worcester 6, Massachusetts. 


*Trade-Mark Reg U.S. Pat. Off. and Foreign Countries 


WNORTONP 


REFRACTORIES 
Engineered... EX ... Prescribed 


Making better products ...to make your products better 
NORTON PRODUCTS Abrasives - Grinding Wheels + Grinding Machines + Refractories + Electrochemicals — BEHR-MANNING DIVISION Coated Abrasives + Sharpening Stones + Pressure-Sensitive Tapes 
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using round, square, solid or hollow 
billets. As-forged parts are as much 
as 36% lighter than conventional 
rough forgings. It is claimed that 
rotary forging gives greater strength 
because of the continuity of metal 
flow, which is unaffected by subse- 
quent machining. A having 
seven outside diameters plus four in- 
side diameters is forged in 40 sec. A 
rotary forged rocket nozzle requires 
40 sec. 

For further information circle No. 671 
on literature request card, page 48-B. 


piece 


Tool Heat Treating 

Furnaces for heat treating small 
tools have been announced by the 
Waltz Furnace Co. These three-unit 
setups will heat treat every type of 


high-speed steel including the cobalt 
type. Units are a preheat furnace, a 
drawing furnace, an atmosphere gen- 
erator and two quench tanks, one for 
oil and one for water. A water-cooled 
chamber in back of the globar furnace 
to permit cooling of parts in con- 
trolled atmosphere is available as 
optional equipment. Furnaces are 
either 12 by 12 by 20 in. or 8 by 6 
by 14 in. 

For further information circle No. 672 
on literature request card, page 48-B. 


Phosphate Coating 

A new phosphating material that 
provides a tight bond for paint, other 
organic finishes and metal drawing 
has been announced by Turco Prod- 
ucts, Inc. The new material deposits 
a zine phosphate coating on iron, steel, 
zine and cadmium of up to 400 mg. 
per square foot. Turcoat 4333 meets 
USA-57-0-2C, Type II, Class C and 
MIL-S-5002 specifications. It may be 
applied by either spray washer or 
immersion. 


For further information circle No. 673 
on literature request card, page 48-B. 


Ultrasonic Welder 
Aeroprojects, Inc., has announced a 
2000-watt ultrasonic welder which 
will join similar or dissimilar metals. 
A semiportable unit, it has a welding 
frame of box-beam construction and 
a hydraulic force system. Its trans- 
ducer-coupling assembly consists of a 
nickel transducer, a coupling wedge 
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and a drive-reed which have been de- 
signed for this unit. The heavy-duty 
generator is contained in two separate 
cabinets. The welder is instrumented 
with an electronic cycle timer, and a 
Bourdon-tube force gage. Sonoweld 
is a spot-type welder and can be 
operated on a 230-volt circuit, and 
consumes a maximum of 3.5 kva. of 
power even when joining 0.050-in. 
1100 aluminum sheet. 


For further information circle No. 674 
on literature request card, page 48-B. 


Pyrometer 

West Instrument Corp. has an- 
nounced a portable hand pyrometer 
which requires no power source or 
special tools. It measures tempera- 
tures of convex, rotating or flat sur- 


faces, for plastics, rubber, liquids, 
gases or molten soft metals. Acces- 
sories are available to suit most ap- 
plications. The pyrometer is offered 
in 12 seale ranges. 

For further information circle No. 675 
on literature request card, page 48-B. 


Illuminator 

A new vertical illuminator for use 
with its line of Cycloptic stereoscopic 
microscopes has been announced by 
the American Optical Co. It provides 
vertical, shadowless illumination into 
deep, small-diameter orifices where 
the angle is too acute for standard 
oblique illumination. The illuminator 
consists of a lamphouse with a special 
bracket and hinge pin for attachment 
to a stand, a vertical reflector that 


ANHYDROUS 
AMMONIA 
99.995% 
PURE 


HAMLER INDUSTRIES, INC. 


IN ADDITION TO THE PUR- 
EST AMMONIA, HAMLER 
OFFERS YOU EXPERT TECH- 
NICAL HELP. IF YOU ARE 
CONSIDERING THE USE OF 
AMMONIA FOR HEAT 
TREATING, CALL ON HAM- 
LER INDUSTRIES. 


OUR SERVICE INCLUDES ALL 
THE HELP YOU NEED IN 
SETTING UP SAFE, DEPEND- 
ABLE STORAGE SYSTEMS. 
HAVE YOUR AMMONIA 
PROBLEMS SOLVED BY EN- 
GINEERS WITH THE KNOW- 
HOW THAT ONLY YEARS 
OF EXPERIENCE CAN GIVE. 


PREVENT COSTLY MISTAKES! 


HAMLER 
CAN SAVE 
YOU MONEY 


FIND OUT HOW, 
CALL OR WRITE... 


HAMLER 
INDUSTRIES, INC. 


6025 WEST 66th STREET 
CHICAGO 38, ILLINOIS 


Detroit Cleveland 
6560 Cass Avenue 3537 Lee Rood 


tex Carnegie, Po. 


BULK STATIONS AND TANK TRUCK 
DELIVERY IN CHICAGO, CLEVELAND, 
DAYTON, DETROIT, PITTSBURGH 
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WILSON “ROCKWELL” 


Equipment for 
EVERY Hardness Testing Requirement 


WILSON “ROCKWELL” HARDNESS TESTERS 
..- ACCURATE AS A PRECISION BALANCE 


No matter what your hardness testing requirements are, there’s 
a WILSON “‘ROCKWELL” instrument to do the job. Choose from 
this complete selection of hardness testers: 

“ROCKWELL” —for most hardness testing functions. 
Superficial—for extremely shallow indentations. 
Twintester—combines functions of “ROCKWELL” and “‘ROCKWELL”’ 
Superficial testers. 

Semi-Automatic (manual feed) and Fully Automatic—for auto- 
matically classifying tested pieces as CORRECT, TOO HARD, or 
TOO sorT—at test rates up to 1000 pieces per hour. 

Special Machines—for testing large objects, obtaining internal 
readings, and other unusual applications. 


ALL WILSON “ROCKWELL” hardness testers provide 

these advantages: 

Accurate performance— precision built, with exact calibration, for 
consistently correct results. 

Long life—durable as a machine tool. 

Easy operation—even an unskilled operator can get perfect 
readings. All controls conveniently grouped. 

Easy maintenance—interchangeable mechanisms, with spindles 
mounted on oil-less bearings. 


DIAMOND “BRALE” PENETRATORS... perfect testing every time 


A perfect diamond penetrator is essential 
to accurate hardness testing. Since one 
point of hardness on the “ROCKWELL” 
scale represents only 80 millionths of an 


Only perfect Wilson Diamond Brale 
Penetrators are sold. Each diamond is 
flawless, with no chips or cracks. It’s cut 
to an exact shape. Microscopic inspection 


inch penetration—only 40 millionths on a of every diamond —one at a time —assures 
Superficial tester—the slightest imper- this nee eo —and assures you of accu- 
fection will cause a false reading. rate hardness testing every time. 


TUKON TESTER ...for precision MICRO « MACRO testing 


The TUKON Tester measures extremely 
shallow indentations. It’s used, for in- 
stance, by manufacturers of watches, 


Three models are available to meet your 
individual requirements. TUKON Testers 
use both the Knoop and 136° Diamond 


hairsprings, needles, and fine wire. Labor- 
atories use the TUKON for tests on indi- 
vidual crystals or particles of microscopic 
size. Producers of coatings, film, ceramics, 
and many other materials have made good 
use of the TUKON. 


Pyramid Indenter. Each TUKON Tester is 
a self-contained hardness testing instru- 
ment — no accessory equipment is needed. 
Knife edges and levers of fixed length are 
used throughout for application of exact 
load and freedom from internal friction. 


DH-325- 


ey 


A COMPLETE LIBRARY of helpful information 


A wide variety of bulletins describes the many instruments, acces- 
sories, and services Wilson offers. Write for your choice: 

WILSON “ROCKWELL” Hardness Testers « DH-326 
Superficial Hardness Testers « TT-58 
Special “‘RockweELL” Testers, including Automatic and Semi-Automatic 
models « OH-7—TuKon Applications « OH-328— TUKON Testers. 


“ROCKWELL” 
“ROCKWELL” Twintester « DH-327— 


MECHANICAL INSTRUMENT DIVISION 


AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N.Y. 
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You're speaking of an element with increasingly 
broad applications in metal processing. 

Sodium, for example, is used as a reducing, fluxing 
and cleaning agent and is effective in thermal transfer. 

Converted to sodium hydride... it quickly descales 
a wide range of metals and alloys — pipes, bars, sheets, 
wires, molds. And with no loss of base metal. 


As the world’s largest producer, we are well equipped 
to take care of ALL your sodium needs. 


+ 


when you say sodium... 


ell deliver bricks of 2! 12 or 24 Ibs. in any 
quantity. We can also supply micro-metallic, filtered 
sodium, argon or nitrogen-blanketed: cast solid in 420 
Ib. drums and 80.000 Ib. tank cars. In addition, custom- 
tailored dispersions for pilot plant or experimental 
use are available. 

We'll be glad to send you detailed information. 
Or one of our Chemical Engineers will gladly call to 
diseuss various applications at first hand. The coupon 
below brings either or both, 


ETHYL CORPORATION 


Got mdusly 


100 PARK AVENUE, NEW YORK 17, N.Y. « CHICAGO « TULSA « LOS ANGELES 


ETHYL CORPORATION 


on Hydride Descoling 
FIRM 
Please have 


Engineer call 


city 
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Cutting oil life jumped from 3 weeks to 3 months... tool life 


ULF MAKES THINGS 


At its Milford, Conn. plant, U.S. Electrical Motors turns 
out a complete line of motors ranging from 4 to 250 
hp, all precision built. For much of their close-tolerance 
machining they utilize emulsifying oils. Says Theodore 
O'Connor, Plant Superintendent: 

“Until recently, we were using a soluble oil mixed in 
a 20-to-1 water-oil ratio to cut keyways in a variety of 
motor shafts. Then we switched to Gulfcut Heavy Duty 
Soluble Oil mixed 35-to-1. Service life of the cutting 


oil on this job jumped from 3 weeks to 3 months! 
“The new mixture provides much better cooling. It 

has doubled our tool life. And we now hold closer toler 

ances—to plus or minus .001 on this operation.” 


HAVE YOU TRIED GULFCUT HEAVY DUTY SOLUBLE OIL? 
Long and economical service life is only part of the story. 
This versatile oil has performed efficiently even when 
mixed in a 150-to-1 ratio! Its lubricating-cooling-pro- 


ges 
q 
a : 
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doubled... more proof that 


BETTER! 


tective properties meet a great variety of heavy duty 
machining needs, even in turning chrome-nickel steels 
and other tough alloys. It makes possible higher speeds, 
deeper cuts, finer finishes. It offers greater protection 
against corrosion and unusual resistance to rancidity. It 
will prove to you that Gulf makes things run better! 

Get the full efficiency-economy story on new Gulfcut 
Heavy Duty Soluble Oil now. Call your Sales Engineer, 
at your nearest Gulf office, or mail coupon. 


U.S. ELECTRICAL MOTORS Inc. doubled tool life on 
this milling machine with Gulfcut Heavy Duty Soluble Oil. 
Keyway cut in the steel shaft is 4%" long; %" wide; %«’ 
deep. Speed 6.8 inches per minute milled. Tolerances held 
to +.001. Pictured here are Theodore O'Connor, Plant 
Superintendent, and Peter Eaton, Gulf Sales Engineer. 


GULF OIL CORPORATION 

Dept. DM, Gulf Bidg., Pittsburgh 30, Pa 
Send me illustrated bulletin on 
Gulfcut Heavy Duty Soluble Oil 


Name 
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Company 
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Special Reports 


On Finishing Non-Ferrous Metals 


NUMBER I1—Paint Base, Corrosion- 
Resistant Finishing with Iridite 


required. 


WHAT IS IRIDITE? 


Briefly, Iridite is the tradename for a specialized line of 
chromate conversion finishes. They are generally applied 
by dip, some by brush or spray, at or near room tem- 
perature, with automatic equipment or manual finishing 
facilities. During application, a chemical reaction occurs 
that produces a thin (.00002” max.) gel-like, complex 
chromate film of a non-porous nature on the surface of 
the metal. This film is an integral part of the metal itself, 
thus cannot flake, chip or peel. No special equipment, 
exhaust systems or specially trained personnel are 


Chromate conversion coatings are well 
known and accepted throughout industry 
as an economical means of providing cor- 
rosion protection, a good paint base and 
decorative finishes for non-ferrous metals. 
However, continued developments have 
been so rapid and widespread that many 
manufacturers may not be completely 
aware of the breadth of application of this 
type of finish. Hence, this digest of cur 
rent information; to bring you up to date 
on the many ways in which you can ob- 
tain proper surface preparation for paint- 
ing and increase product durability with 
a single multi-purpose chemical pretreat 
ment. Report I on decorative, corrosion- 
resistant finishes and Report III on 
chemically polished, corrosion-resistant 
finishes are available on request. 


First, it is an accepted fact that metal 
surfaces should be prepared before paint- 
ing to make possible an efficient paint sys- 
tem. Naturally, this preparation should 
provide for good initial paint adhesion. 
Chemical treatments have proved extreme- 
ly effective in this respect, particularly 
those of a neutral or preferably acid na- 
ture. Further, to be most efficient, chem- 
ical treatments should provide a non-por- 
ous barrier to maintain adhesion by sealing 
the metal from the paint and moisture. 
They should also provide a self-healing 
film which prevents lateral corrosion in the 
event that bare metal is exposed through 
scratching. 


The Iridite chromate conversion coat 
ings meet all these requirements. Iridite 


32D 


is a chemical conversion treatment for sur- 
face preparation. It provides initial paint 
bonding by molecular adhesion. It is acid 
in nature and produces a film that is gel 
Thus, 
the Iridite film effectively seals the metal 
from the paint and from moisture penetra 
tion. Because the film contains certain 
relatively soluble constituents, it will pro 
tect areas scratched through to bare metal 
and prevent lateral corrosion. This is 
accomplished by a gradual leaching of 
these constituents into the damaged area. 


like and non-porous in structure. 


Further, because of its gel-like, non-crys- 
talline nature, the Iridite film will not 
affect the appearance or texture of the 
paint film, nor will it dust or powder to 
mar the painted surface. Because the 
film is non-porous, paint coverage is in 
creased, thus substantial savings in paint 
costs will be realized. In addition, treated 
parts may be stored for long periods of 
time prior to painting without the risk of 
entrapped moisture causing blistering 
when painting. 


Iridite chromate conversion coatings 
are widely used with equal ease and suc 
cess under both baked and air-dried paint 
systems. While the actual adherence prop 
erties of the Iridite film do not increase 
appreciably with its thickness, corrosion 
protection does. The protection of the 
Iridite film is proportionate to its thickness 
and should be taken into consideration 
when selecting the Iridite to meet your 
needs. However, it is sometimes necess 
ary to sacrifice maximum corrosion pro 
tection for appearance when a finished 


part is to be only partially painted. For 
example, it may be desirable to use a thin, 
clear, bright Iridite film if the unpainted 
areas must present a chrome-like appear 
ance. A typical case is that of instrument 
housings on which the exterior is painted 
and the inside left unpainted 


On the other hand, if all surfaces of the 
product are to be painted and maximum 
corrosion protection is required, the heav 
ier and most protective Iridite films should 
be used. For example, all surfaces of zinc 
die cast fruit juicers are finished with a 
highly protective Iridite film prior to paint 
ing to provide maximum resistance to the 
corrosive action of fruit juices. 


Iridite finishes are now available for all 
commercial forms of the more commonly 
used non-ferrous metals, including zinc, 
cadmium, aluminum, magnesium, silver, 
copper, brass and bronze. In addition to 
providing an excellent base for paint, the 
Iridite films also have high decorative val 
ue when used as final finishes in them 
selves. 


These films can produce a wide variety 
of pleasing appearances including clear 
bright, iridescent yellow, bronze, olive 
drab and brown. In addition, many films 
can be modified by bleaching or by dyeing. 
Among the dye colors available are var 
ious shades of red, yellow, green, blue or 
black. 


In planning or designing, you should 
consider the many other characteristics of 
Iridite finishes which may enter into the 
specific problem. In addition to their func 
tions as protective and decorative finishes, 
and as bases for organic finishes and bond 
ing compounds, Iridites have low elec 
trical resistance. Some can be soldered 
and welded. The film does not affect the 
dimensional stability of close tolerance 
parts. 


Iridites are widely approved under both 
Armed Services and industrial specifica 
tions because of performance, low cost and 
savings of materials and equipment. 


You can see then, that with the many 
factors to be considered, selection of the 
Iridite best suited to your product requires 
the services of a specialist. That's why 
Allied maintains a staff of competent 
Field Engineers -to help you select the 
Iridite to make your installation most 
efficient in improving the quality of your 
product. You'll find your Allied Field 
Engineer listed under ‘‘Plating Supplies” 
in your classified telephone book. Or, 
write direct and tell us your problem. 
Complete literature and data, as well as 
sample part 


processing, is available. 


Allied Research Products, Inc., 4004-06 
East Monument 
Maryland. 


Street, Baltimore 5, 
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mounts over the microscope objective 
and a variable transformer. 


For further information circle No. 676 
on literature request card, page 48-B. 


Die Heater 

A new die heater for aluminum 
extrusion dies has been announced by 
the Carl Mayer Corp. It is refractory 
lined, the work chamber is 24 by 24 


Since the introduction of 
Fansteel’s stocking pro- 
gram in January 57, 
over 1000 customers have 


by 18 in. and temperature range is saved time and money by: 
from 400 to 1000° F. This unit is 
supplied with either gas, electric or JV accelerating engineering development 
oil-fired burners. 

For further information circle No. 677 
on literature request card, page 48-B. 


programs 
V speeding up prototype work and pilot runs 


Rhodium Plating V getting into production without delay 
New technically pure rhodium sul- / = 

phate, a concentrate for rhodium elec- Vv keeping inventories at a minimum, 

troplating, has been announced by 

Technic, Inc. Lower stress, high pur- 

ity and finer grain are cited as advan- own programs by giving you the flexibility of immediate 

tages of the new concentrate. 

For further information circle No. 678 


on literature request card, page 48-B. TANTALUM USERS ect the same benefits from the 
Fansteel Tantalum Sheet stock program. 


Let this Fansteel Service help save money in your 


deliveries and lower inventory costs. 


IMMEDIATE .005” 
DELIVERY 007” 
ON THESE .010” 
7 SIZES .012” 
OF DUCTILE 
MOLY "'D" .020” 
SHEET .025” 


Ultrasonic Cleaning 
The Blackstone Corp. has announced 
new ultrasonic cleaning equipment 


for parts and assemblies. It has two : AN 
10 by 14 by 10 in. stainless steel tanks i EE 


for ultrasonic cleaning and ultrasonic 


rinsing. The solution in each tank is COLUMBIUM + TUNGSTE 
continuously circulated and_ filtered. FANSTEEL 77 METAL 


For further information circle No. 679 
on literature request card, page 48-B. 
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new model 'C” furnaces 


for carburizing up tc 2OOO°F 


For years, the top operating temperature of conventional 
carburizing furnaces has been in the area of 1750°F, but the new 
Ipsen Model "'C’’ Carburizing Furnace coasts at that tempera- 
ture. The model ''C"’ is engineered to meet modern require- 
ments for high temperature carburizing. 


EXCLUSIVE IPSEN FEATURES! 


Here are some of the reasons why Ipsen Model "' 
permit day-in and day-out operation at 2000°F: 


furnaces 


1. Guaranteed super-alloyed ceramic heating tubes! 
. Unique tube mounting, sealed in compression! 
. Ceramic "Flame-Busters” increase heating efficiency 40%! 


. High hot-strength hearth and baffles for 100% forced 
convection heating! 


. Revolutionary, high-speed, forced circulation fan of alloyed 
ceramic construction! 


auromane 


CERAMIC TUBE 
MOUNTING* 


CERAMIC FAN* 


BAFFLES * 


FLAME- 
BUSTERS* 


PREMIX 
BURNER* 


*Existing or Pending Patents 
. Water-shielded fan shaft and motor! 
7. New, fully enclosed, 100% premix ceramic burners! 


“Cold chain’ hot-work transfer mechanism with auto- 
matically welded precision chain! 


. Bevel gear driven quench oil propeller. 
per minute! 


5,000 gallons 


10. Space saving automatic loaders and in-line transfer 


mechanisms! 


Optional ‘‘Dewtronik’’ is the only automatic dew point 
control for either carburizing or ammoniated carbo-nitriding 


atmospheres. 


Call your nearest Ipsen office for the complete facts on the NEW 
Ipsen Model ''C"’ 2000°F Carburizing Furnace. 


“MEAT TREATING UNITS 


IPSEN INDUSTRIES, INC. - 723 S. MAIN STREET - ROCKFORD, ILLINOIS 
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YOU PLATE METAL 
YOU PAINT METAL 


YOU FINISH ALUMINUM 


COST PER FINISHED 
ARTICLE IS THE TRUE 
COST OF YOUR CLEANER 


Northwest's years of research in formulating and perfecting 


analytically correct, job-adjusted cleaners are your assurance of the right 
chemical for your job. 


Northwest's Metal Cleaning Specialists have at their commond such 
outstanding processes as LO HI pH — for cleaning prior to plating, painting 
or vitreous enameling; ALKALUME —for preparing aluminum for 

finishing and spot welding; INTERLOX — for phosphate coating; SPRA-LUBE 
—to control overspray of “todays” paints in water-wash paint 


booths; PAINT STRIPPERS — specific to your needs; SUPER-DRAW AND 
FLUID FILM—for drawing metals. 


Northwest's production-tested chemicals and ‘Right the First Time” 


recommendations will save you money. Your Northwest Cleaning Specialist 
is as close as your phone. 


Northwest products are manufactured on the West Coast by 
ALERT SUPPLY COMPANY, Los Angeles 


NORTHWEST CHEMICAL CO. 


9310 ROSELAWN DETROIT 4, MICH. 


pioneers.in pH cleaning control 
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NEW CINCINNATI 
flamatic 


save either way 


on precision selective 
surface heating 


Take your selective surface hardening, heating and brazing 
problems to Cincinnati—— builders of new and versatile flame 
and induction heating machines. Whether your work is on 
high production quantities or small lots of different size parts, 
you can get the hardness you want, where you want it, using 
the heat source and method most economical for you. 


For detailed information, write for catalogs on the Inductron, 
M-1993, or the Flamatic, M-2015, or better still —call in a 
Meta-Dynamics Division field engineer. Backed by the re- 
sources of Cincinnati’s completely staffed and equipped heat 
engineering laboratories, your needs will be analyzed, your 
parts “test run’’ and specific recommendations made. 


NEW CINCINNATI 
inductron 


THE CINCINNATI MILEING MACHINE CO. 


CINCINNATI 9, OHIC, U.S. A. 
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681. Abrasives 

New catalog on various types of shot 
and grit abrasives. SAE specifications and 
types of cleaning and peening methods. 
Cleveland Metal Abrasive 


682. Air Engineering 

New 6-page Bulletin 135 on air en- 
gineering for the process and chemical in- 
dustries. Heat removal, heat and moist- 
ure control. Niagara Blower Co 


683. Alloy Castings 


New 8-page bulletin on ferrous alloy 
castings for the control of wear due to 
impact and abrasion. Application, pro- 
duction, physical properties. American 
Manganese Steel Biv 


684. Alloy Castings 

Data folders on two types of alloy steel 
castings, Composition, properties, hard- 
enability bands, uses. Unitcast 


685. Alloy Chart 

Comparison of AISI, SAE, ACI, AMS, 
WAD and PWA chromium and chrom- 
ium-nickel stainless specifications Can- 
non-Muskegon 


686. Alloy Steel 

14-page bulletin on two chromium- 
nickel alloy steels. Properties, working 
instructions, heat treatment, recom- 
mended uses. Carpenter Steel 


687. Alloy Steel 

32-page book on abrasion resisting steel. 
Properties, fabricating characteristics, 
uses. U.S. Steel 


688. Alloy Steels 

Article on use of chromium-molyb- 
denum-vanadium steel for service at 
elevated temperatures. Chemical compos- 
ition, mechanical properties. Vancoram 
Review, V. 13, No. 1. Vanadium Corp. 


689. Aluminum 

24-page data book on high-strength 
aluminum - zinc - magnesium - chromium - 
titanium alloy. Properties, aging, corro- 
sion. Frontier Bronze 


690. Aluminum 

16-page bulletin lists sizes, weights, 
lengths of alumium in rod bar, plate, 
sheet. Guide to selection, finishes, me- 
chanical properties. Ryerson 


691. Aluminum Cleaner 

Data sheet on acid solvent cleaner 
for aluminum and its alloys. Northwest 
Chemical 


692. Aluminum Die Castings 


Bulletin on design and manufacture of 
aluminum die castings. Hoover Co 


693. Aluminum Extrusions 
Folder lists alloys used, finishes, trade 
phraseology. General Extrusions 


694. Aluminum Extrusions 
Catalog of stock extrusion dies. Jarl 
Extrusions 


695. Aluminum Finish 
Bulletin om new invisible finish for 
aluminum describes Alodine No. 1000 
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and includes flow sheet for immersion 
process. Amchem Products, Inc. 


696. Aluminum Strip 

20-page booklet on how it is made, 
sizes and weights of coils. Technical data 
on aluminum alloys used. Scovill 


697. Ammonia 

New 6 and 4-page bulletins on ammonia 
storage units and nitrogen generator. 
Hamler Industries, Inc 


698. Ammonia Dissociators 

Data on Drever ammonia dissociators. 
Also nitriding, tempering, carburizing, 
and salt bath units. W. H. Kay Co. 


699. Analysis of Nickel Alloys 

52-page Technical Bulletin T-36, “Me- 
thods for Chemical Analysis of Nickel and 
High-Nickel Alloys”. International Nickel 


700. Atmosphere Furnace 

New Bulletin 865 on controlled atmos- 
phere, continuous rotary retort furnace 
describes operation and construction. 
American Gas Furnace 


701. Atmosphere Furnace 
Bulletin on controlled atmosphere fur- 
nace. Industrial Heating Equipment 


702. Atmosphere Generators 

New 4-page bulletin 1-457 includes flow 
charts and cost analyses of inert gas sys- 
tem. Gas Atmospheres 


703. Blast Cleaning 

Complete information on Malleabrasive 
for eleaning and finishing. Globe Steel 
Abrasive 


704. Blast Cleaning 

16-page Bulletin 226 on blast cleaning 
equipment. Describes automatic contin- 
uous operation. Pangborn 


705. Brazing 

8-page reprint on dip brazing aluminum 
assemblies. Design of parts, equipment 
used. Maintenance, tooling. Ajax Electric 


706. Brazing 

16-page reprint on furnace brazing 
gives advantages of method, design factors 
and methods of handling assemblies and 
furnaces for brazing. Electric Furnace 


707. Brazing 

52-page publication GEA-3193C on how 
and where to use electric furnace brazing. 
Limiting creep of brazing metal, selecting 
the brazing meta!, strength of furnace- 
brazed parts, how to braze cast iron, 
causes of distortion. General Electric 


708. Brazing 
New 24-page Bulletin 20 on low-tem- 
rature silver alloy brazing. Handy « 
larman 


709. Burners 

Bulletin 214 on dual-fuel burner for 
ovens, kilns, driers, forge furnaces, heat 
treating and malleabilizing furnaces. 
North American Mfg. 


710. Calibrating System 


New ABC booklet on force measuring 
system. Morehouse Machine 


7il. Carbonitriding 

28-page booklet on nature of process, 
furnaces, atmospheres, parts carboni- 
trided and properties. Armour Ammonia 


712. Castings 

Literature on shell or sand castings of 
ArmaSteel, malleable iron or gray iron. 
Central Foundry Diw. 


713. Castings 
Bulletin 3150-G on castings for heat, 
corrosion, abrasion resistance. Duraloy 


680. Extruded Shapes 


Several hundred 
signs of copper-alloy extrusions, 


basic de- 


thick and thin, simple and com- 
plex, are shown on pages 14 and 
15 of this 40-page booklet. Tab- 
ular data on properties of ex- 
trudable copper-base alloys, 
cross-sectional dimension toler- 


ances and selection of the cor- 
rect alloy are included. An 8- 
page section on machinability 
gives ratings of 21 alloys; rake 
angles for lathe turning; milling, 
threading, tapping and sawing 


data. The booklet concludes 
with some tips on designing and 
ordering extrusions. Revere 
Copper & Brass, Inc. 


714. Centrifugal Castings 

8-page brochure gives properties of 
most common grades of thermalloy cen- 
trifugally cast tube. Weight tables. Elec- 
tro-Alloys Div. 


715. Chromate Finishing 

File on chromate conversion goatings 
for prevention of corrosion and paint- 
base treatment of nonferrous metals. 
Allied Research Products 


716. Chromium Plating 
4-page bulletin on new “crack-free” 


chromium plating process. Metal « 
Thermit 
717. Cleaning 


44-page booklet, “Some Good Things to 
Know About Metal Cleaning”, discusses 
tank, barrel and machine cleaning, pick- 
ling, zinc phosphate coating, rust preven- 
tion and other processes. Oakite 


718. Coated Metals 


New bulletin on roll coating shows how 
it is done and includes samples. Roll 
Coater, Inc. 


719. Coating Thickness 


Data sheets give ranges, principle of 
operation of nondestructive thickness 
tester. Unit Process Assemblies 
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Here’s what’s HOT at Hayes! 


_.fresh from our research and development lab. — proven in production — 


Cc. I. Hayes Model HT/HV 

Vacuum Furnace 

© Temperatures into the 3000°F plus 
range .. . low voltage 

© A full size production furnace 

® High speed heating and cooling 
cycles — minutes, not hours 

© Cold wall design comfortable 
to work with 

© High vacuum to 0.1 micron . 
low leak rate. 


High Temperature C. |. Hayes 

Type M-Y Furnace 

Temperatures 
elements 

® Ideal for production or research 


Available with metallic 
super-hearths 


Economical 
input 


@® Straight-thru design for easy operation 


improved C. I. Hayes 
Endothermic Generators — 
@ Ceramic Heating Elements 

© Straight-through retort 


© Simpler, easier-to-operate controls on 
panel front 


© Precise, positive-acting gas/air mixer 
©@ Hayes-perfected heat exchanger 


to with 


Moly 


or ceramic 


requires modest power 


= 
™m 


Cc. Il. Hayes Conveyor Furnace for 


alloying transistors, diodes 

® Low cost — specially engineered for electron- 
ics industry 

© Pure, dry atmosphere around work 


@ Very precise temperature control 
575°F to 2000°F range 


© Three-zone heat control 
conveyor drive 


® Complete package — ready to operate 


through 


. electronic DC 


Versatile C. Il. Hayes 

“'Flexotemp” Tempering 

Furnaces — 

® Reaches desired heat, up 
scale, fast and accurately 
Uniform convection heat distribution 


Versatility plus — ideal for many pro- 
duction jobs 


Electronic proportional controller 
Easy-lift lid 


or down 


C. |. Hayes Gas or 

Air Molecu-Dryer 

Superior adsorbent (Linde’s Molecular 
Sieve) 

Dew points below 

® Superior design climinates pumps, 
blowers, coolers, etc 

© Continuous operation unique reac- 
tivation (automatic if desired) 

© For many gas or liquid drying, purify- 
ing and recovery operations 


Make sure you visit .. . 


Boots [726 


at the Metals Show . . . to talk over your heat treating problems 
with our engineers. Detailed literature is available on all 


these new units. Write for your copies, now. 


ELECTRIC ‘FURNACES 


C.1. HAYES, unc. 


Established 1905 


802 WELLINGTON AVE., CRANSTON 10, R. I. 
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720. Cobalt Alloys 
New 16-page booklet on cobalt-base 
casting alloy No. 21. Composition, phys- 
ical, mechanical and high-temperature 
properties. Haynes Stellite 


721. Compressors 

12-page data book 107-D gives engineer- 
ing information on characteristics of 
turbo-compressors. 18 types of appli- 
cation described. Spencer Turbine 


722. Corrosion of Copper 

32-page reference booklet to aid in 
selecting copper alloy best suited for par- 
ticular corrosive condition. 187 applica- 
tions. American Brass Co. 


723. 


Corrosion-Proof 
Equipment 
Bulletins on corrosion-proof tanks, ven- 


tilating equipment, agitators, baskets. Heil 
Process Equipment 


724. Corrosion Resistant Alloys 

Data Sheet comparing corrosion resist- 
ance of zirconium, titanium, tantalum, 
Hastelloy “C” and stainless 316. Damascus 
Tube Co 


725. Creep Testers 

Pocket-size creep load calculator that 
determines the pounds of weight needed 
on weight pan when testing specimens in 
creep testers. Arcweld Mfg. Co 


726. Creep Testing 

New Bulletin RR-13-56 on testing ma- 
chines for creep and stress-rupture tests. 
Tables. Riehle 


727. Creep Testing 

Data sheet on stress rupture and creep 
testing machine. Operation, calibration, 
maintenance, specifications. Tinius Olsen 
728. Crucibles 
Bulletin Cl-55 on crucibles for service 


to 2900 


F. McDanel Refractory Porcelain 


729. Cutting Oil 

New folder describing nine types of 
cutting oils for varied applications. Gulf 
Oil 


730. Cutting Torch 

4-page folder on process and torch for 
cutting, gouging, beveling and grooving 
all metals. Arcair Co. 


731. Cutting Torch 

Memco News June-July 1958, gives data 
on cutting, gouging, beveling, grooving 
torch. Various models, uses, power 
sources, case histories. Miller Electric Mfg. 


732. Deep Drawing 

Brochure on hydroforming discusses 
parts that can be made and costs of tool- 
ing for different shaped parts. Hydro- 
forming Co. of America 


733. Degreaser 

Folder on automated degreaser. Clean- 
ing and solvent cycles described. Features 
of equipment. Detrex 


734. Degreasers 
Folder on vapor and solvent degreasers 
describes equipment and advantages. 


Randall Mfg. 


735. Degreasing 

New Bulletin No. 70 on degreasing with 
trichlorethylene. Advantages and dis- 
advantages. Hooker Electrochemical 


736. Dehydrators 

Bulletin SC-1013 on dehydrators for 
carbon dioxide, carbon monoxide, hydro- 
carbons, nitrogen, oxygen, natural gas, 
hydrogen and others. Operation and con- 
struction. Selas 


737. Desealing Process 

8-page bulletin on sodium hydride de- 
scaling process for ferrous and nonferrous 
metals. DuPont 


738. Die Steel 

Data sheet on Huron high-carbon, high- 
chromium die steel. Applications, forg- 
ing, annealin tempering. 
Properties. y; Ludlum 


739. Ducetility Testing 

Bulletin on simple method of deter- 
mining ductility of materials before draw- 
ing. Steel City Testing Machines 


740. Electric Furnaces 

Bulletin No. 528 on electric furnace for 
investment casting. Weight of charge, melt 
time, power consumption for stainless, 
Stellite, gray iron, copper, brass. Detroit 
Electric Furnace Div. 


741. Electric Furnaces 

Data sheet describes and gives specifi- 
cations of standard nonmetallic resistor 
furnaces. Harrop Electric Furnace Div. 


742. Electric Furnaces 

Bulletin on electric heat treating fur- 
naces gives summary of progress in fur- 
nace developments. Holcroft 


743. Electric Furnaces 

Folder on electric furnaces with zone 
control, temperature indication, automatic 
control. L & L Mfg. Co. 


744. Electric Furnaces 

8-page Bulletin 570 on heat treating, 
melting, metallurgical tube, research and 
sintering furnaces. Custom designs for 
special requirements. Pereny 


745. Electric Heating 

4-page bulletin on electric heating ele- 
ments for pipe, tube and tank heating. 
Sizes, temperature control, element life 
and installation discussed. Cooley Elec- 
tric 


746. Electric Heating Unit 


4-page folder describes controlled elec- 


Vouk 
Best Bet 


and at a low, 
low price, too! 


Designed for top accuracy at 
low cost, the DILLON Uni- 
versal Tester is your wisest 
investment. Operates in ten- 
sile, compression, transverse 
or shear. Checks metal, plas- 
tics, wire, rubber, springs, etc. 
7 interchangeable gauges. For 
materials up to 125,000 Ibs. 
PSI tensile. Hand wheel oper 
ation or motorized. Equipped 
with max. indicator. Meets 
most all ASTM & Fed. specs 
Handles round, flat or spe 
cial shapes. 

For low strength materials between 
0 & 300 Ibs. Model M (not shown) 
is available. Accurate to % of 1% 
Has $ scales. 


Write TODAY for brochures 
and LOW orice schedule 


wc. &00.,1NC 
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NUMEROUS GRIPPING 
FIXTURES AVAILABLE 
“Dog Bone" grip, for 
lastics, is just 
ANY accessory 


one of 


Applications 


(REGULAR AND 


Hundreds of installations 
over the past few years 
have proved the economy of 
the only hardness tester 
which combines all scales 
of Rockwell Test (15 to 

150 kg. loads). 

The Kentrall cuts costs 
because it does the job of 
two conventional testers, 
requires only half the space 
and maintenance. Write for 
more detailed information, 
plus a list of prominent 
users who have switched 

to Kentrall. 


Terae 


KENTRALL 


THE TORSION BALANCE 
COMPANY 
Main Office and Factory: 
Clifton, New Jersey 
Sales Offices: 
Chicago, San Francisco 
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The old rule that two heads are better than one is 
expanded many times over at the annual METAL # i A i 
SHOW where literally hundreds of the finest minds 


in the industry congregate to exchange new ideas and 


concepts. At the inspiring exhibits and in thought- Metals Make It Better... For Less 


provoking technical sessions, Metals Engineers, De- 


signers, Administrators and Production Chiefs teach 
and learn simultaneously in the friendly “‘give and ne 
take” of information concerning their industry. 


CLEVELAND PUBLIC HALL 


Don’t miss it. You’ll come away stimulated and en- 
lightened . . . better equipped to meet the challenges of & 
an ever more complex and competitive metal market. 


OCTOBER 27-31 


Today, as never before, the METAL SHOW is a must! 


Theres stl line... to be an 


exhibitor at the METAL SHOW. Show En- 
gineers how your product or process can 
help MAKE IT BETTER FOR LESS ... WITH 
METALS. Call collect for details. 


NATIONAL METAL CONGRESS and EXPOSITION 


Owned and Operated by the AMERICAN SOCIETY FOR METALS 
7301 Euclid Avenue e« Cleveland 3, Ohio 


Cooperating Activities: Institute of Metals Division... Iron Industrial Heating Equipment Association; Metal Powder 
and Steel Division ... Extractive Metallurgy Division of the Industries Federation; Metal Treating Institute; Special 
American Institute of Mining, Metallurgical and Petroleum Libraries Association, Metals Division; and the extensive pro- 
Engineers ...Society for Nondestructive Testing, Inc. Associa- grams of the American Society for Metals with the new Bill 
tions presenting technical sessions in cooperation with @ : Woodside Memorial Sessions, and € Metallurgical Seminar. 


METAL PROGRESS 


| | | | 

| Ba 
5 ERE ENGINEERS 

E 

a | € \ 

| | 
| ja ) 
- 
| DEAS ts 
| 
‘ 
i 

| 

40 


tric heating unit. Features, advantages, 
uses. Herscott Co., Inc 


747. Electrochemicals 

New 16-page booklet gives physical 
properties of 23 electrochemicals including 
silicon carbide, zirconium oxide and bor- 
ides. Norton Co. 


748. Electrocoated Wire 

8-page bulletin on new wire materials— 
Nickelply and Brassply, electrocoated 
steel wire. How it may be formed, bent 
and twisted without breaking the coating. 
National Standard 


749. Electron Microscope 

20-page brochure describes ten case 
histories in which the electron micro- 
scope has been at work solving problems 
of development and control in industrial 
laboratories. RCA 


750. Extensometer 

8-page builetin on extensometers for 
sheet metal and wire, compressometers, 
deflectometers and other accessories. 
Baldwin-Lima-Hamilton 


751. Extrusions 

New booklet describes advantages of 
Cold-Prest impact extrusions, design con- 
siderations and methods of production 
Alloys used. Mueller Brass Co. 


752. Fabrication 

Booklet on welded steel heavy fabrica- 
tion pictures and describes how various 
products are made. R. C. Mahon 
753. Finishing 

Six bulletins describing finishing com- 
pounds for stainless steel, aluminum, 
other metals. Apothecaries Hall 


754. Finishing 


Bulletin on Luster-On 52 conversion 
coating for zinc. Chemical Corp 


755. Flame Hardening 

New Publication No. M-2015 on pre- 
cision flame hardening machine with auto- 
matic operation. Specifications, design. 
Cincinnati Milling Machine Co 


756. Flow Meters 

New 22-page Bulletin F-1607 on flow 
meters. Uses and characteristics. Tables of 
flow calculations. Bristol Co 


757. Flow Meters 


Bulletin 203 on flow meters for gas used 
in heat treating. Waukee Eng’g. 


758. Forgings 

12-page booklet on how forged weldless 
rings and flanges are made. Case histories. 
Standard Steel Works Div., B-L- 


759. Forgings 

Folder on facilities for production of 
flat-die forged products. Electronic equip- 
ment used. Smith-Armstrong 


760. Formed Plate 
Bulletin on stainless steel flanged heads. 
246 available dies listed. G. O. Carlson 


761. Freezer 
Data on chest for use down to --95° F. 
for production and testing. Revco 


762. Furnace Belts 

44-page catalog describes metal belts 
for quenching, tempering, carburizing 
and other applications. Ashworth Bros. 


763. Furnace Elements 

24-page Bulletin H on electric heating 
elements. Tabular data on physical and 
electrical specifications for various sizes. 
Globar Dir., Carborundum 


764. Furnace Fixtures 
Bulletin 111 on cast Ni-Cr fixtures for 
gas carburizing. Fahralloy 


765. Furnaces 

New bulletin on metallurgical test fur- 
naces for tensile, creep and stress-rupture 
tests. Control panels. Marshall Products 
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766. Furnaces 


New Bulletin 463 on high Supenaaane 
pusher furnaces. Operation ica- 
tions. Temperature to 2400° F ayes 


767. Furnaces 

New Bulletin 355 on convection furnaces 
with maximum operating temperature 
of 1350° F. Construction, applications, 
specification tables. Hevi-Duty Electric 


768. Furnaces 
Data on Temper- 
ature range 300 to 1 . A. Kozma 


769. Furnaces 

New 12-page catalog on electric heat 
treating furnaces. Data on each of 57 
models. Controls, instruments, elements 
and accessories. Lucifer Furnaces, Inc. 


770. Furnaces 
Lists of surplus furnaces for sale. Joe 
Martin Co. 


771. Furnaces 

4-page reprint on high thermal head 
furnaces for continuous slab heating in- 
stallation at Atlas Steels, Inc. Cross sec- 
tion view of radiamatic unit. R-S Furnace 


72. Furnaces 

32-page catalog of industrial equipment 
includes furnaces and furnace accessories, 
special valves, mechanical equipment, ma- 
terials handling equipment. Salem-Bros- 
us 


773. Furnaces 

Bulletin on controlled atmosphere fur- 
naces and generating assemblies for 
annealing, brazing, hardening, sintering, 
soldering. Sargeant & Wilbur, Inc 


774. Furnaces 

Folder describes complete set up for 
heat treatment of small tools, including 


draw furnace, quench tank and high tem- 
perature furnace. Waltz Furnace 


775. Gas Analysis 

New 12-page Bulletin 837 on research 
instrument for analysis by gas and vapor 
chromatography. Advantages. Burrell 


776. Gas Analyzer 

New 8-page Bulletin No. 1703-4 on gas 
analyzer. Principle of operation. Spec- 
ial features. Mine Safety Appliances 


777. Gold Plating 

8-page paper gives bath composition, 
equipment and operating conditions, and 
metallurgical characteristics of 24K gold 
plate on various base metals. Sel-Rex 


778. Graphite Electrodes 

New 6-page folder describing graphite 
electrodes for electric furnaces. S list 
of threaded graphite electrodes and their 
correapeneang nipples. Great Lakes Car- 


779. Hardness Conversions 

Desk-size chart of conversions for 
Rockwell tests and other hardness scales. 
Torsion Balance Co. 


780. Hardness Tester 
20-page book on hardness testing by 
Rockwell method. Clark Instrument 


781. Hardness Tester 

Catalog 505 on Frank hardness tester 
for Rockwell B and C, Brinell and 
Vickers hardness tests. Opto-Metric Tools 


782. Hardness Tester 
Data on hardness testin 

with equivalent Brinell an 

numbers. Shore Instrument 


scleroscope 


Rockwell C 


783. Hardness Testers 

Folder on portable hardness testers 
for testing of various sizes, shapes and 
types of metal. Newage Industries 


Demonstrate. 


This 


{f you are using cast alloy tubes, 

@ con quote you substantially less on 

our all-sheet alloy tubes. And, with dies on 
hand for many commonly used sizes of return 


bends, we can frequently save our customers this 


important cost. Records of scores of installations show PSC “Thin Wall” 


tubes are giving much 


longer service life. For instance, Michigan Malleable Iron Co reports: 


“We show an average life of over 3% years for your fabricated tubes, 


which is about double our experience with cast alloy tubes 


. In PSC 


tubes the return bends are of the same metal and thickness as the legs, 


promoting uniform flow of gas and minimizing carbon build-up and conse- 


quent burn-out. Precision-assembled in any design or dimension, Also 
sheet-alloy heat-treating retorts and covers, boxes, baskets, fixtures, 


tubes, etc. We invite your inquiries. 


Send Jor P&C Heat-Theat Catalog 54 


THE PRESSED STEEL.CO. - 


Wilkes-Barre, Pa. 


COST LESS = LAST LONGER 
Us 
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Phosphate coatings are protective in- 
organic finishes that actually change 
the chemical nature of metal surfaces. 
The metal reacts with the applied phos- 
phate solution to form a nonmetallic, 
crystalline coating which serves to: 


° prove paint 

* Provide protection against corrosion 

* Increase lubricity of friction surfaces 

+ Facilitate hanical def ation of 
metals 


* Decorate—in many instances 


dheci 


Satisfactory protection of steel, zinc 
and aluminum surfaces against corro- 
sion, paint peeling and blistering, and 
hard wear requires precision methods 
of chemical conversion coating. 


Types of Conversion Coatings 

There are seven classes of chemical 
conversion coatings commonly speci- 
fied and used throughout industry to- 
day. They are as follows: 

Zinc-iron phosphate (ACP Granodine®). 
This is the heaviest type of coating 
(gray in color) used for prepaint treat- 
ments on steel, iron and zinc surfaces. 
The process requires five or six opera- 
tions: cleaning; rinsing; rust removal, 
if necessary; coating; rinsing; and a 
second rinse. Coating weight ranges 
from 100 to 600 mg per sq. ft. 

Medium or large volume production 
of automobile bodies, appliances, pro- 
jectiles and cabinets can be handled 
effectively. 

The coating solution improves paint 

adhesion by forming a crystalline de- 
posit over the metal surface. This de- 
posit is rough, as revealed microscopi- 
cally, and so offers an ideal gripping 
surface for paint particles. 
Manganese-iron phosphate (ACP Thermoil- 
Granodine®). This is a heavy black 
coating used on friction surfaces to 
prevent galling, scoring and seizing of 
parts. Typical metal parts treated are 
pistons, piston rings, gears, cylinder 
liners, camshafts, tappets and various 
small arms components. 
Iron phosphate (ACP Duridine®). This 
is a comparatively new process that 
places a light coating on surfaces for 
improved paint adhesion. Since clean- 
ing and coating occur in the same bath, 
it has only three to five stages. 

The iron phosphate treatment is a 
spray process suited for medium to 
large volume, large or small work. Pre- 
cleaning is normally unnecessary, an 
economy factor in its favor. 

Products protected by this process 
are steel or iron fabricated units, such 


By HUGH GEHMAN, Assistant Manager, Product Development Dept., AMCHEM PRODUCTS, INC. 


A Review of the Phosphate Coatings 


Specified for the Protection of Metal Surfaces 


as cabinets, washing machines and 
refrigerators. Weight of coating is 50 
to 100 mg per sq. ft. 
Zinc phosphate (ACP Lithoform®). This 
is a crystalline coating produced on gal- 
vanized iron and other zinc surfaces— 
also cadmium—for improving paint 
adhesion. The purpose of the coating 
is to provide a paint-gripping surface 
and to prevent the reaction between 
acidic components of the paint and 
the zinc metal, with the formation of 
soaps and loss of paint adhesion. 
This coating is applied in weights of 
75 to 500 mg per sq. ft. There are no 
limitations on volume or production 
or on size of products treated. Zinc 
phosphate coating is used on zine alloy 
die castings, zinc or cadmium plated 
sheet or components, hot dip galvan- 
ized stock, and Galvanneal. 


Amorphous phosphate (ACP Alodine®). 
This is a relatively new protective coat- 
ing for aluminum and aluminum al- 
loys. It may be used in place of anodic 
deposition for improved paint adhesion 
and corrosion resistance. 

This coating is practical for produc- 
tion in any volume. Coating weight is 
100 to 600 mg per sq. ft. Products 
treated include helmets, belt buckles, 
aircraft and aircraft parts, bazookas 
and rocket motors, roofing and siding. 
Particularly good when aluminum is 
painted prior to forming. 
linc-iron phosphate for oil absorption (ACP 
Permadine®). This is a_ relatively 
heavy coating adapted to the retention 
of rust-inhibiting drying or nondrying 
oils and waxes on ferrous metal sur- 
faces. The coating is applied to a 
weight of 1000 to 4000 mg per sq. ft. 

The process is satisfactory for large 
or small work in any volume—nuts, 
bolts, hardware, guns, tools, etc. 


Zinc-iron phosphate for metal forming (ACP 
Granodraw®). This is a specialized 
coating used in conjunction with a 
suitable lubricant to facilitate the cold 
mechanical deformation of steel. The 
coating acts as an anchor for the 
lubricant throughout drawing, extru- 
sion, and cold forming operations. 

It is a successful treatment for prod- 
ucts such as blanks and shells for cold 
forming, heavy stampings, impact ex- 
truded shapes, drawn wire and tube. 
For more complete information about any 
one or all of these chemical conversion coat- 


ings, contact an ACP sales representative or 
write us at Ambler, Pa. 


Typical Installations 
of Phosphate Coating Systems 


Customer: Truck manufacturer 

Problem: Preparing cob parts for painting 
Cycle: Phosphate wash; phosphate wash; rinse; 
chromic acid rinse; dry 


Cust : Al screen manufacturer 
Problem: Final finish of aluminum shade screen 
Cycle: Wash; rinse; phosphate coat; rinse; 
chromic acid rinse; dry 


Customer: Water heoter manufacturer 
Problem: Preparation of water heater shells 
for synthetic enameling 

Cycle: Phosphate wash; rinse; chromic acid 
rinse; dry 


Customer: Hardware manufacturer 

Problem: Preparing hardware parts for paint- 
in 

Cycle: Wash; rinse; phosphate coat; rinse; 
chromic acid rinse; dry 


Amchem Products, Inc. 
Ambler 16, Pa. 


CHEMICALS Formerly 

A =) AMERICAN CHEMICAL PAINT COMPANY 
DETROIT, MICH. « ST. JOSEPH, MO. 

PROCESSES | wits CALIF. « WINDSOR, ONT 

New Chemical Horizons for Industry and Agriculture 
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784. Hardness Testers 

New 24-page Catalog No. DH-327 on 
accessory and special testing. Wilson 
Mechanical Instrument Div. 


785. Hardness Testing 
Bulletin A-18 on Alpha Co. Brinell 
hardness testing machines Gries Indus- 
tries 


786. Heat Treat Pots 


Catalog on pressed steel pots for lead, 
salt, cyanide, oil tempering and metal 
melting. Eclipse Industrial Combustion 


787. Heat Treating 

Data sheets on Aeroheat 300 and Aero- 
heat 1000 heat treating salts. Properties, 
uses, operating characteristics. American 
Cyanamid 


788. Heat Treating 


New 8-page bulletin on heat treating. 
Data sheets on processes and processing 
equipment. Also covers annealing, braz- 
ing and hardening. Ferrotherm 


789. Heat Treating 


Monthly bulletin on used heat treating 
and plating equipment available for im- 
mediate delivery. Metal Treating Equip- 
ment Exchange 


790. Heat Treating 

4-page bulletin en protective coatings 
on steel from heat treating method. Pre- 
vention of carburization or decarburiza- 
tion, selective carburization. Park Chemi- 
cal Co. 


791. Heat Treating 


Bulletin SC-176 on mechanized heat 
treating for any size of operation. Various 
mechanical handling devices used. Surface 
Combustion 


792. Heat Treating Ammonia 
24-page “Guide for Use of Anhydrous 

Ammonia” describes heat treating and 

other metallurgical uses. Nitrogen Div. 


793. Heat Treating Fixtures 

4-page folder on retorts, baskets, trays, 
carburizing boxes, fans for heat treating 
Alloy Steel Fabrication Div., Aluminum 
& Architectural Metals Co 


794. Heat Treating Fixtures 
New 1959 catalog on complete line of 
baskets and fixtures. Bix Co 


795. Heat Treating Fixtures 
24-page catalog on heat and corrosion- 

resistant equipment for heat treating and 

chemical processing. Pressed Steel 


796. Heat Treating Fixtures 
32-page Catalog G-10A lists process 
equipment, heavy welded fabrications, 
muffles, trays, fixtures for furnaces, heat 
treating equipment, pickling equipment. 
Rolock 


797. Heat Treating Fixtures 

New 16-page Catalog M-7 on heat treat- 
ing and corrosion resistant alloy fabri- 
cations. Wiretexr Mfg. Co 


798. Heat Treating Furnaces 

32-page catalog on high-speed gas 
furnaces for heat treating carbon and 
alloy steels; also pot furnaces for salt 
and lead hardening. Charles A. Hones 


799. Treating Furnaces 
Folder on industrial furnaces. Con- 
tinuous designs. Pacific Industrial 


800. Heat Treating Guide 
Chart guide constructed on slide rule 

principle for simplified hardening and 

drawing of tool steels. Carpenter Steel 


801. Heat Treating Supplies 
Data sheets on carburizing, hardening, 
tempering, nitriding salts, metal cleaning 
and rust prevention materials. Heatbath 
802. Heat Treating Supplies 
New bulletin on formed and welded 


alloy heat treating furnace fabrications 
Alloy Engineering Co 
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803. Heaters 

New Bulletin L-1244 on Chromalox stud 
heaters. How to use and table of sizes, 
ratings and prices. Edwin L. Wiegand Co. 


804. Heating Element 


New 12-page catalog on 35-20 nickel- 
chromium-iron heating element. Tem- 
perature-resistance curve, physical prop- 
erty tables and factors to consider in 
designing furnace elements. Hoskins 
Mfg. Co. 


805. High-Strength Steel 

New 4-page bulletin on Yoloy “E” steel. 
Properties, corrosion resistance and 
strength. Youngstown Sheet & Tube 


806. High-Strength Steel 

Data sheet and 16-page folder on Vasco- 
Jet 1000, 5% chromium air hardening 
steel. Mechanical properties, fatigue 
strength, heat treatment and _ surface 
properties. Vanadium-Alloys Steel Co. 


807. High-Temperature Alloy 

14-page bulletin on Udimet 500 gives 
composition, heat treatment, machin- 
ability, hot working characteristics and 
properties. Utica Metals Div. 


808. High-Tensile Steel 


New 12-page bulletin on properties 
and composition of N-A-X high-tensile 
steel. Examples of resistance to impact, 
fatigue, abrasion and corrosion Great 
Lakes Steel 


809. Hot-Working Steels 


New 10-page pamphlet on hot-working 
steels. Composition, machining and in- 
spection, heat treatment. Properties, ap- 
plications. Marathon Specialty Steels 


810. Induction Heating 
12-page bulletin gives descriptions. 


technical data on various sizes. Water 
systems diagrammed, and standard acces- 


sory equipment. High Frequency Heating 
Div., Lindberg Engineering 


811. Induction Beating 

New 12-page Bulletin 1 B on 
high-frequency induction heating. 
fications, applications, accessories. lis- 
Chalmers 


812. Induction Heating 

Need for ground detectors on high 
frequency induction furnace discussed 
in Inducto Metal 
No. 5. Inductotherm 


813. Induction Heating 

36-page bulletin on high-frequency 
induction heating unit for brazing, hard- 
ening, soldering, annealing, melting and 
bombarding. Lepel 


814. Induction Heating 

New 12-page Bulletin HF-58-6 on high 
frequency induction heating equipment. 
Heat treating, annealing, brazing, forg- 
ing, shrink fitting data. Magnethermic 


815. Induction Heating 

8-page catalog secton 22C on induction 
heating for forming and forging. Advan- 
tages of induction heat. Ohio Crankshaft 


816. Induction Heating 
Brochure on induction heating furnace. 


Frequency chart. Pittsburgh Induction 
Heating Co. 


817. Induction Heating 

Bulletin SK-4897 inductor-type 
motor-generator sets for induction heat- 
ing and melting. Electrical characteristics. 
Star-Kimble Div., Safety Industries, Inc. 


818. Inspection 

16-page catalog on illuminated Bore- 
scopes for industrial inspection of deep 
recessed areas. National Electric Instru- 
ment Div. 


Melting Newsletter, 


Happy answer to a problem! 


Leading producers 


of extrusions use GRAFO 


Many manufacturers of aluminum extrusions already 
know the basic answer. It's simply this: A/uminum 
Extruding plus GRAFO equals Uniformly High Quality! 

Why? Because GRAFO Colloidal Graphite dis- 
persed in water reduces die wear, prevents sticking, 
gives better metal flow and improved production, 
Send for booklet “The Biggest Ounce of Protection" 


*/f you have a problem of excessive temperatures, pressures 
or abrasion, let us help you solve it with a GRAFO Water, 
Oil or Alcohol Dispersion for your conditions. 


GRAFO COLLOIDS 
279 Wilkes Place, Sharon, Pa. 
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60 CYCLE INDUCTION MELTING 
OF HIGH LEADED BRONZES 


15 years ago, THE CLEVELAND GRAPHITE BRONZE 
COMPANY, division of CLEVITE CORPORATION, pio- 
neered 60 CYCLE INDUCTION MELTING of bronzes with 
up to 35% lead. Special furnaces developed by AJAX 
for this difficult job are an important element in their 
unique continuous production line for steel-backed 
bronze bearing strip. 60 CYCLE INDUCTION MELTING 
furnaces resulted in substantial improvements and cost 
savings over gas-fired units used earlier for that pur- 
pose. Today, CLEVITE operates six continuous lines in 
this country and abroad with AJAX 60 CYCLE INDUC- 
TION MELTING furnaces, producing enough strip to 
make 130 million bearings and bushings per year. 


The heavy duty 60 cycle inductor developed by AJAX 
and pioneered by CLEVITE will attain a lining life of 
one year with bronzes of substantial lead content. 
Electromagnetic stirring assures uniform alloy and close 
temperature control. Compared to externally fired 
equipment, metal loss savings run into many thousands 
of dollars per year. Recently, several large producers 
of leaded bronze castings converted their foundries en- 
tirely to 60 CYCLE INDUCTION MELTING. 


While this is one of the most difficult metals to handle, 
the advantages of 60 CYCLE INDUCTION MELTING 
stand out today wherever copper alloys are melted. As 
specialists in 60 CYCLE INDUCTION MELTING, we have 
developed furnace types to best fill each application. 


We invite you to discuss your melting problems with us 
at the NATIONAL METAL SHOW, CLEVELAND, Oct. 27-31, BOOTH 1608 


Associated Companies: 


60 CYCLE 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 


INDUCTION MELTING 


Ajax Electrothermic Corporation Ajax Electric Company 


METAL PROGRESS 


be 

bad 


819. Inspection 


Data on multi-frequency inspection of 
nonferrous and nonmagnetic metals. Mag- 
netic Analysis 


820. Instruments 
New 60-page Catalog 500 on supplies 


and accessories for instrument users. 
Foxboro 


821. Instruments 
New Bulletin D on thermowells aypes 
and alloys in which they are availabl 


Specifications in chart form. Thermo 
Electric 


822. Laboratory Equipment 

Folder on 5 types of laboratory mixers. 
Specifications for each type. Mixing 
Equipment 


$23. Laboratory Equipment 
New bulletin on cutting test specimens 

describes methods for different types of 

metals. Price list. Sieburg Industries 


824. Laboratory Equipment 
Bulletin on high-purity — pow- 
der, funnels, crucibles, United 
Carbon Products 


825. Laboratory Furnaces 
Bulletin 1016 on single and dual tube 
furnaces for combustion analysis. Sentry 


826. Leak Detectors 

New 12-page Bulletin GEA-6817 on leak 
detectors for pressure and/or vacuum 
applications. Specifications, uses. General 
Electric 


$27. 


Low-Temperature 
Treatment 
Data sheets and case histories of sta- 
bility achieved in metals by chilling at 
130 to —150° F. Effect on further proc- 
essing. Harris Refrigeration 


828. Lubricant 

Bulletin 425 on colloidal dispersions 
for use in metal casting. Best formulas 
for achieving high lubricity and wetting 
action. Acheson Colloids 


829. Lubricant 

New 8-page Bulletin 304 on use of 
molybdenum disulfide lubricant in cold 
forming, cold heading and other applica- 
tions. Case histories. Alpha Molykote 


830. Lubricant 

8-page booklet, “Biggest Ounce of Pro- 
tection”, tells of lubrication with colloidal 
graphite products. Grafo Colloids 


831. Magnesium 

New 53-page book on wrought forms of 
magnesium. Includes 44 tables. White 
Metal Rolling & Stamping Corp. 


832. Manganese 

9-page article on electromanganese. 
Manufacturing procedures, product char- 
acteristics, uses. In Foote Prints, V. 28, 
No. 2. Foote Mineral Co. 


833. Melting Furnace 


6-page folder R-53 on 60-cycle combined 
melting and holding furnace for con- 
tinuous casting of aluminum. Ajax En- 
gineering 


834. Metal Powders 

Brochure on tungsten and molybdenum 
powder and granules, zirconium wafers 
and other refractory metal products. 
Metals & Residues, Inc. 


835. Metal Sorting 

Data on nondestructive sorting tool for 
raw, semi-finished or finished parts. J. W. 
Dice 
836. — 

Folder on sizes and prices of 
metallizing Rod Corp. 
837. Metallograph 


8-page catalog E-240 on research metal- 
lographic equipment discusses micro- 


OCTOBER 1958 


scope unit, illuminator, optical 


uipment, 
camera, focusing arrangements. 
Lomb 


ausch & 


838. Microsco 


New bulletin CM explains how ob- 
jects can be brought onto optical axis 
without altering height of stage. How to 
focus in 1 micron graduations. Cooke 
Metallurgical Microscopes 


839. 
New Technical ulletin HHS-2 on 
vacuum heating stage which permits 
specimens to be examined at temperatures 
ams from room — to 2000 

nitron Instrument 


840. Microsco 


New 8-page Bulletin SB2200-1157 on 
metallurgical microscopes. Accessories 
American Optical 


$41. Molybdenum 


8-page reprint on arc-cast molybdenum 
describes machining procedures, tools 
and equipment. How to machine a turbine 
wheel Pine Molybdenum Div. 


842. Molybdenum 

24-page booklet gives physical and 
chemical property data on molybdenum 
powders, wire, alloys. Sylvania Electric 


843. Nickel Atloys 

38-page catalog on Monel, Inconel, 
nickel and nickel clad copper. Includes 
properties, applications and technical data 
Allen Metal 


844. Nickel Chromium Steels 

8-page bulletin with 28 charts on com- 
position, heat treatment, transformation 
characteristics and mechanical properties 
of the standard nickel-chromium steels. 
International Nickel 


845. Nondestructive Inspection 
8-page bulletin on use of ultrasonic 


Reflectoscope describes principles of 
ultrasonic inspection and its uses. Sperry 
Products 


846. Nondestructive Testing 

8-page bulletin on ipment for non- 
destructive testing of tame, rods, tubing 
Magnetic Analysis 


847. Nonferrous Wire 

Folder gives wire fe age and footage 
chart and data on beryllium copper, phos- 
phor bronze, nickel, silver, brass and 
aluminum wire. Little Falls Alloys 


848. Oil Products 

New 12-page booklet on rust preven- 
tives, lubricants, processing aids and their 
Government specification number. E. F. 
Houghton 


$49. Oil Quenching 


8-page brochure tells in detail how 
carbon steel often can replace alloy 
steel when additive is used in the quench- 
ing oil. Aldridge Industrial Oils 


850. Oil Quenching 

Catalog FB-1052-A on self-contained 
oil cooling equipment. Selection tables 
for volume of oil required and oil re- 
circulation rates. Bell & Gossett 


$51. Optics 

Catalog on optics for industry. Com- 
parators, lenses, prisms, microscopes, 
magnifiers. Edmund Scientific 


852. Ore Beneficiation 

New 12-page brochure on new direct 
reduction and beneficiation process for 
iron. Ores treated, testing method and 
licensing procedures. R-N Corp. 


$53. Ovens 
Bulletin No. 5720 on mechanical recir- 
culating utility ovens with automatic tem- 
perature control. Blue M Electric 
(Continued on page 48-A 


McDANEL Mullite Combustion Tubes 


GAS-TIGHT! STRAIGHT! 


Low coefficient of expansion 
with maximum thermal shock 
resistance. High accuracy 
bore, exact wall thickness. 
Open end precisely ground 
for perfect stopper fit. 


CERAMICS 


BEAVER FALLS 


REFRACTORY PORCELAIN COMPANY 


RESIST THERMAL SHOCK! 


McDanel Mullite Combustion 
Tubes are recommended for 
service temperatures up to 
2,900 degrees F. Straight or 
tapered ends, or self-cooling 
(double-reduced) design. 


Write Today for 
Bulletin C1-55 on 
McDanel Combus- 
tion Tubes and 
Accessories. 
PENNSYLVANIA 
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Don’t throw away 
those epoxy-coated 
rejects 


Here’s a new paint stripper 
that will save them 


_Do you scrap perfect metal parts that have been imperfectly coated with 
epoxies, vinyls, polyesters and other hard-to-strip paints or lacquers? 


In the last few months, users of Oakite Stripper S-A have eliminated 
many such losses. Here’s what some of them say about it: 


CALIFORNIA: An aircraft manufacturer tested many strippers on an 
epoxy designed to resist attack by hydraulic fluid. Finally found that 
Oakite Stripper S-A is ‘‘the only one that safely strips this paint from 
anodized aluminum.” 


NEW YORK: A camera maker coats flash bulb reflectors with black 
vinyl paint outside and aluminum paint inside. ‘Stripper S-A is the 
fastest ever used on our rejects.” 


OHIO: A maker of toy pistols had trouble stripping alternate coats 
of lacquer and metallized aluminum. Now “Stripper S-A does it amaz- 
ingly fast and remetallizing is completely satisfactory.’ 


CALIFORNIA: A producer of metal furniture uses Stripper S-A to 


remove clear epoxy from plated parts. Chemist says ‘This is the best 
stripper on the market.” 


ALABAMA: A hardware maker had trouble stripping lacquer from 
brass door knobs. Oakite Stripper S-A now does the work in “‘less 
than 4 the time taken by any other stripper.’ 


NEW YORK: A manufacturer of business machines tested several strip- 
pers on various finishes on steel and aluminum. Verdict in favor of 
Stripper S-A was: “It's doing a wonderful job.’ 

CONNECTICUT: A maker of brass lipstick shells has found that ‘’Strip- 
per S-A quickly strips epoxy lacquers from rejects and heavily coated 
work spindles.” 

CALIFORNIA: A missile maker reports that ‘Stripper S-A is doing a 
fine job stripping vinyl from stainless steel and titanium.’ 


FREE Write Oakite Products, Inc., In our 50th year. 
26 Rector St., New York 6, N. Y., for 


complete information on Oakite Stripper S-A. 


1710 


OAKITE 


Technical Service Representatives in Principal Cities of U. S. and Canada 


Export Division Cable Address: Oakite 
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New Star Performer In The Sandvik Line 


Presents A SUPER 
SPRING 


Sandvik’s new 2R25 is a superior 
grade of stainless spring steel which goes 
far beyond the capabilities of ordinary 
spring steels. It was developed for appli- 
cations where performance outrankscost. 

This new steel is a prime example of 
Sandvik’s ability to combine several 
advantageous properties in one metal. 

Mechanical Data on 2R25 — 


TENSILE STRENGTH RANGE — Hard Rolled 


242,000 * 270,000 or 299,000 PSI 


Heat Treated 270,000 * 299,000 or 327,000 
PS! 


ELASTIC LIMIT (.01% Proof Stress) — 


156,000 to 192,000 PSI according to size 


ond finish 


Sandvik 2R25 is exceptionally tough 
and resilient, much more formable than 
hardened and tempered steel, has up to 
10 times the fatigue life of ordinary 
carbon spring steel and has excellent 
corrosion resistance under varying 
atmospheric conditions. 


MODULUS OF ELASTICITY — 27.7 to 35.6 x 10° 
PSI according to size and finish 


SIZES (with extremely close tolerances) 
Thickness — .0016” to .035” 
Width — .039” to 3.94” 


For further information on Sandvik 2R25, contact your nearest Sandvik office 
Sandvik stocks a wide variety of qualities and sizes of cold rolled 
specialty strip steels. In addition Sandvik has rolling, slitting, edge- 
filing and hardening and tempering facilities. Send for your copy of 
this free brochure which gives specific data on the leading types of 
Sandvik steels. 


SANDVIK STEEL, INC. 


1702 Nevins Road, Fair Lawn, N. J. 

Tel. SWarthmore 7-6200 * InN. Y. C. Algonquin 5-2200 
Branch Offices: Cleveland * Detroit * Chicago * Los Angeles 
SANDVIK CANADIAN LTD. P.O. Drawer 1335, Sta. O. Montreal 9, P. Q. 
Works: Sandviken, Sweden 
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We can reduce final parts cost through the use of 


a B&W Extrusion because it cuts machining time 


and eliminates waste of costly material.” 


Machining is expensive and wastes material. It is 
doubly so when it is not necessary. Design engineers 
should investigate the possibility of using an extruded 
section as starting material, particularly if expensive 
or difficult to machine materials such as alloy or stain- 
less steels are involved, In many cases, by using a 
B&W Extrusion, parts production can be reduced to 
a mere cutting to length and a few simple finishing 
operations. 

To find out more about how B&W Extrusions can 
help you design a better product at a lower cost call 
on any of the local sales offices of B&W’s Tubular 
Products Division or write for a copy of Bulletin TB 
413. The Babcock & Wilcox Company, Tubular Prod- 
ucts Division, Beaver Falls, Pennsylvania. 


TA-8027-E) 


trusions, seamless welding fittings and forged steel flanges —in carbon, alloy and stainless steels and special metals. 
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(Continued from page 45) 
854. Perforated Metals 
156-page catalog on what materials are 
perforated, where perforated sections 
are used and what perforation patterns 
are available. Harrington & King Per- 
Jorating 


$55. Phosphating 

Folder on phosphating and metal pro- 
tective coating materials. Purpose and 
make-up of each type of coating. Turco 


$56. Pickling Baskets 

Data on baskets for degreasing, pick- 
ling, anodizing and plating. Jelliff 
$57. Plating 

12-page bulletin on anodes, anode ac- 
cessories and chemicals for electroplating 
and finishing. Hanson-Van Winkle-Mun- 
ning 


Plating 

9-page bulletin on copper fluoborate 
bath for printed circuits. Bath com- 
position, make-up and control for copper 
and tin plating. Baker & Adamson. See 
page 173. 


$59.‘ Plating 

8-page brochure on test equipment for 
plating baths. Controls, anodes, cathodes, 
agitators, rectifiers. R. O. Hull 


8600. Plating 

Data and specification sheet covering 
tin plating a wide range of nonferrous 
thin strip metals. Somers Brass Co. 


861. Plating Thickness 

Metal Digest V, 3, No. 2, on sample 
preparation and optical measurement of 
plating thicknesses. Buehler, Ltd 


862. Powdered Metals 

New Bulletin No. 1200 on 50-ton mul- 
tiple-motion powder metal press. Oper- 
ating characteristics, physical specifica- 
tions. F. J. Stokes 


$63. Precision Casting 

16-page booklet on methods used | to 
produce castings by the “lost-wax" meth- 
od. Compositions of alloys used. Cru- 
cible Steel 


$64. Precision Casting 

8-page bulletin on investment castings 
of various ferrous and nonferrous alloys 
Engineered Precision Casting 


$65. Press 

Bulletin 380 on powdered metal press 
Description, operation, specification. Wat- 
son-Stillman Press Div. 


866. Pyrometer Supplies 
56-page bulletin P1238 on thermocouples 

and pyrometer accessories. Engineering 

data on selection and installation. Bristol 


= 
8067. 

l6-page bookiet on modified and full 
marquenching procedures. Hardness and 
dimensional control data, cooling curves, 


Quenching 


case hist ries. Sinclair Refining Co. 


$68. Quenching 

Data sheet 29 on quenching oil includes 
data on effect of agitation, advantages 
and specification. Sun Oil 


8609. Radiation Products 

8-pace catalog on equipment for nuclear 
research. Radioactive sources, shielding 
and exposure equipment, instrument 
services, Budd Co 


870. Radiography 

28-page bookiet on products for in- 
dustrial radiography gives exposure and 
processing data for various fis used 
DuPont, X-Ray Div. 


871. Radioisotopes 

8-page booklet on cobalt-60, cesium-137, 
iridium-192 and how they are used in 
radiography. Gamma and X-ray radi 
ography compared. Ansco 


$72. Refractories 
8-page catalog of super refractory 


tubes, insulators for use to 
Morganite, Ine 


shapes, 
35005 


$73. Refractory Metals 

Booklet m tungsten, molybdenum, 
tantalum, their properties and uses Fan 
steel Metallurgical 


874. Resistance Material 

16-page brochure on high-temperature 
electrical resistance heating material 
Electrical, chemical and physical chat 
acteristics of new cermet 
Kanthal 


875. Resistance Welding 

24-page catalog on equipment for re 
sistance welding incluces reference tables 
and property and = application chart 
Ampco 


876. Rhodium Plating 


New 20-page booklet on rhodium plat 
ing processes. Advantages, applications 
Sel-Rex Corp 


material 


77. Rhodium Plating 

Data on rhodium sulphate and = on 
limited time tests of this rhodium con- 
centrate. Technic 


878. Rolling Mills 

New Catalog FRM-58 on mills for 
laboratory and development. Wire flat 
tening. Accessories. Fenn Mfg 


879. Rust Prevention 

Nine bulletins in one folder on rust 
prevention. Theory of corrosion, Applica 
tions. Production Specialties 


No Postage 


BUSINESS 


Stamp Necessary Hf Mailed In the United States 


REPLY CARD 


POSTAGE WILL BE PAID BY— 


METAL PROGRESS 


7301 Euclid Avenue 


CLEVELAND 3, OHIO 


880. Rust Preventive 

New bulletin on wetting agent and 
emulsifier for use as a rust preventive 
and corrosion inhibitor. Swift « Co 


881. Salt Bath Furnaces 


Data on salt bath furnaces for batch 
and conveyorized work. Upton 


882. Shear 
Bulletin on bar and billet shear for 
rounds, squares, flats, billets and struc 


turals. Hot or cold operation. Hill Aeme 


$83. Shell Molding 

New 4-page Data Sheet SF-1128 on 
silicones for the shell molding process 
describes three different products. Sili- 
cones Div., Union Carbide 


884. Shot and Grit 

l4-page catalog describes cast steel, 
malleable iron, chilled iron, cut wire and 
other forms of ab:asive shot and grit 
Methods of het peening and impact 
cleaning. Abrasive Shot « Grit 


$85. Shotblasting 

16-page “Primer on the Use of Shot and 
Grit”. Problems of blast cleaning opera 
tior National Metal Abrasive 


886. Slitting 

New 48-page Bulletin 571 on rotary 
slitting knives, tr.:mming knive pipe and 
tube cut-off knives and othe Standard 
and special types of high spe d steel and 
carbide tipped m Ling cutt Cowle 
Tool Co 


$87. Sodium 

28-page booklet on using sodium in di 
persed form tells how dispersions are pre 
pared and handled, and their a lvantage: 
E hyl Corp 
888. Spectrography 

From Jarrell-Ash Newsletter No. 2, 
June, 1958 an article on an improved 
method for direct reading analysis of 


wear metals in lubricating oil. Jarrell 
Ash 


889. Spray Painting 
New 6-, age booklet on airle 
How it work 


890. Spring Steels 

6-page folder gives applications, mate 
rials, fini h and size range. Analyses 
Sandvik Steel 


891. Stainless Castings 
Bulletin on advantages of corrosion 
resistant castings. Ohio Steel Foundry 


892. Stainless Fasteni 

20-page catalog of stainless steel cap 
screws, nuts, washers, machine screws 
sheet metal screws, set screws, pipe fit 
tings and specialties. Star Stainless Screw 


praying 
advantages. Nordson 


FIRST CLASS 
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HOLCROFT 
and the 
CONVEYOR 
FURNACE 


STEP UP OUTPUT KNOCK 


The key word in heat treating today is automation—the han- 
dling of stock smoothly, efficiently, without waste. Obvious 
benefits are boosted production and slashed costs. 


Holcroft’s answer to automation may be conveyorized furnaces 
—avutomatic, not only in stock handling, but with automatically- 
controlled cycles, too. Each Holcroft installation is custom- 
engineered to do your job at the lowest possible cost. 


Conveyor furnaces are almost unlimited in style and application. 
Single or multi-strand conveyors can be equipped with mesh 
belts, sheet belts, interlocking links, monorails or pusher chains. 

_ Direction of flow can be horizontal, vertical, or in combination— 
whichever affords the most economic use of available space. 
Some conveyors are completely inside the furnace —others are 
integrated into the production line. 


All other types of stock-handling furnaces are available from 
Holcroft, too. So for a furnace designed with your specific heat 
treating requirements in mind, Holcroft is your best bet, by far. 


6545 EPWORTH BOULEVARD 
DETROIT 10, MICHIGAN 


PRODUCTION HEAT TREAT FURNACES 
FOR EVERY PURPOSE 
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THE MARK OF QUALITY 


Outstanding control 
BARBER accuracy provided 
COLMAN for furnace temperatures 


Wheeleo 
Instruments 


Wheelco Heat Eye and 
Model 8000 recorder-controller 


maintain precise temperatures 


in research furnace. 


This special molybdenum rod resistance furnace, capable 
of reaching temperatures above 3600° F in a hydrogen 
atmosphere, was built by CM Inc., Bloomfield, N. J., 
for a large industrial research center. Furnace is con- 
trolled by using the Wheelco Heat Eye radiation detector 
and a Model 8000 recorder-controller. 


Wheelco instruments are specified on this furnace, and 
on similar units built by CM Inc. for processing ceramics 
and other materials in controlled atmospheres, because 
they provide the outstanding accuracy that is mandatory 
in ultra-high-temperature processing. Where permanent 
process records are not required, Wheelco 400 Series 
indicating controllers can be used in place of the 8000 
Series units. 


If you aren’t already using Wheelco instrumentation to 
control high-temperature processing, then your nearby 
Wheelco field engineer is the man you should meet. His 
analysis of how your instrumentation efficiency can be 
improved is available without obligation. 


BARBER-COLMAN COMPANY 
Dept. V, 1518 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA, Ltd., Dept. H, Toronto 
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B93. Stainless Steel 
bulletin 
ganese austenitic 
working 
ture corrosion resistance, magnetic 


12-page 


meability 


16-page 


U.S. Steel Corp 


$94. Stainless Steel 
booklet 
gives physical 
corrosion resistance 
tion and care 


895. Stainless Strip 


strip teel 


chemical 


on 
steel 


on Ty pe 
properties 


rties, corrosion resistance 


Effect 


430 


and 
fabrication 


Washington Steel 


32-page brochure on 20 types of 
Recommended 


896. Stainless Tubing 


12 page brochure on 
exchanger 


897. Steel 


New 22 


son resistance 
uses, advantages 


32-page dictionary of tern 
180 definition 


and 


teel industry 


diagram 


4s page 


900. Strip Mill 


Data on cold reduction mill 
chine Mig 


pare 


tainle 
tube 


condenset 
facture, chemical composition and analy 
sis. Republic Steel 


manual 
‘aluminum coated) 


aluminized 
2. Corro 


properties, 


steel Type 
mechanical 


Armco Steel 
898. Steel Terms 


tables, figures 


$99. Steel Tubing 
Handbook F-3 
and forging 
ing. cutting 
scribed, Ohio Seamless Tube 


Co 


teel tubing 
joining 


on 


used in the 
Equilibrium 
LaSalk 


chromium-man- 
of cold 
properties at elevated tempera- 
per- 


tainles 
analysis 


applica- 


stainless 
slications 
physical and mechanical prop- 
Superior Steel 


; steel heat 


Manu 


Steel 


fabricating 
Bending, shap 
operations 


Loma Ma 


901. Temperature Control 


8-page bulletin on temperature control 
selection guide, 
of control sy 


tems contains 


nology, types 


902. Tempilstiks 
‘Rasic Guide to Ferrous Metallurgy” 
plastic laminated 


Claud S 


Gordon 


903. Tester 


New Bulletin 


9E on 


wall 


tem 


chart 


in color 


universal tester 


Specifications, principle of operation. W 


C. Dillon & Co 


904. Testing Machines 


12-page catalog on ten testers including 
tensile 


hardness, 


and transverse 


Machine 


ductility, 


strength 


compression 
Detroit Testing 


termi- 


Wheelco 


906. 
44-page 


tion 
tse: 


907. 
Folder on pocket 
it. Ferro Corp 


908. 


Thermostatic Bimetal 
“Successful 
Bimetal”, 
calculations 


booklet, 
of Thermostatic 
formula: 


Thickness Gage 


Thickness Testing 
10 page bulle 


ness gages 


tin 225: 


gage 


on coating 
a 
Standard and special purpose 1. 


W 


How to use New 


919. Ultrasonics 


Applica- Data sheet on gages for thickness meas- 
contains 
M. Chace tion. Branson Instruments 


urement coating measurement, inspec 


920. Ultrasonic Cleaners 
Sulletin  UL-101 industrial 
ultrasonic cleaners. Advantages, applica- 
tions, general specifications. Gulton In- 
dustries, Inc 


thick- 


Vacuum Casting 


gages. American Instrument Booklet on vacuum-cast superalloy in- 
rare gots and investment castings. Kolcast 
909, Tin News Industries 
Interesting monthly report covers im f 
portant current developments in the pro- 922. Vacuum Furnace 
duction, marketing and use of tin. Malay- New folder on vacuum button furnace 


an Tin Bureau 


910. 


ance 


talum 


Titanium 

New 8-page booklet on corrosion re 
titanium 
titanium compared with zirconium 


and s in various 


tainle 


Mallory Sharon 


911. 


12-page 


alloy 


book 


of tool 


ucts 


Table 


of 


Titanium Alloy 


booklet 
Physical 
perature 


creep 


Tool Steel 


and 
pet d steels 


915. 


edition 
Types, 
stee! 


properties 


the 204-page hand 
and application 


Selection 


working 
Alleghen Ludlum 


Tool Steel Selector 


tool 


on C-120AV 
propertie 
propertie 
ing, machining, heat treatment 


912. 
Fourth 


Twist the dial of the 9-in 


inalyse 


on mechanical 
Applications 
B.& W 


Tool Steels 


44-page Stock List 


and includes 


si7¢ 


No 
weights 


Decimal conversion 


conversion 


915. 


Tubular 


916. Tubing 


New 60-page handbook on cold drawn 


buttweld 
photos and drawings explain production, 


finishing, inspection. Pittsburgh Tube 
Tubing 

64-page handbook on use of tube mills 
in manufacture of pipe and tube 
by-step description of the electric-we 


917. 


mechanical 


Uddeholm 
Tubing 

New 6-page Technical Bulletin TB-418 
tubing. Tolerance 
Products 


steel 


titanium 
elevated-tem 
fatigue, weld 
tem-C 
Re ru 925. 


tables 
Div. 929, 


process. Yoder 
905. Thermocouples 918. Ultrasonics 
32-page file book on pyrometer acces- Data sheets on high-power 
sories. Selection of thermocouple and generators for mass production and ultra- 
protective tube. West Instrument sonic cleaner. Acoustica Associates 
October, 1958 
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with multiple button hearth for high- 
purity melts. Zak Machine Works 


ist 923. Vacuum Valves 
of 32-page manual on high-vacuum valve 
tan Requirements for high-vacuum service 
mediums izes, materials. NRC Equipment 


921. Welding Electrodes 

Report No. W5410 on low hydrogen 
electrodes for high alloy steels. Harnisch- 
feger 


Welding Stainless 

New 12-page booklet—a guide to better 
welding of tainless stee! In question 
and answer form. Arcos 


tool steel prod 
steels 


hich 926. Wire Mesh Belts 


130-page reference manual on mesh 
pecifications, design, metallurgical data 
Cambridge Wire Cloth 


circular se 

lector and read off the tool steel for your 997. 

application Crucible Steel 

914. 
New 


exed 


Wire Straightening 
20-page brochure on wire straightening 
and cutting machines wire reels cham- 


in- fering and deburring machines. New air 
and clutch described. Lewis Machine Co 
hard- 


92%. \-Ray Diffraction 

4-page bulletin on X-ray diffraction for 
research, production control. Two units 
described. General Electric, X-Ray Dept. 


Zine Coating 

8-page booklet on zinc-coated steel 
sheets. Fabrication, uses, advantages in 
heating, ventilating and air conditioning. 


75 Weirton Steel 


930. Zirconium 

8-page brochure on zirconium’'s corro- 
sion resistant properties. Applications 
based on this property. Carborundum 


Metals Co 


d 


931. Zirconium 
18-page pocket-sized book on manufac- 


ultrasonic ture, properties, metallography, machin- 


ing, metal powders. Extensive bibliogra- 
phy. Titanium Alloy Mfg. Div 
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7301 Euclid Avenue, Cleveland 3, Ohio 


Please have literature circled at the left sent to me. 
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Title 

Company 

Address 

City and State 
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QUICK, FAST TESTING for carbon content is done 
not once or twice but 8 times per melt in A-L’s Chem 
Lab with this direct reading Leco carbon determinator 


Carbon content checked 8 times during melt 
to guarantee A-L tool steel hardenability 


Lab tests for carbon eliminate your guesswork; 
provide high hardness, uniform hardenability, 
reproducible tool performance. 


Because carbon has the greatest influence on hard- 
enability, Allegheny Ludlum watches it carefully during 
the melt. Testing a specimen for carbon takes only a 
few minutes. Therefore, A-L checks for carbon content 
8 times during the melt, and mokes the necessary adjust- 
ments to insure accurate control of carbon. This control 
means Allegheny Ludlum can hold carbon content to 
a closer range than most customers specify. 

Carbon control at Allegheny Ludlum assures you of 
precise response to heat treating. This control in the 
melt brings you predictable, igh hardness, uniform hard- 
enability and reproducthle tool performance. 

This is just one of the many things A-L does to insure 


wew-7261 


high quality. Here are some others: close control over 
forging techniques, rigid temperature - time program- 
ming, careful testing of billets prior to processing to 
insure good surface and sound interior, control over 
annealing to give you the right hardness for your 
exact machining operation, thorough metallurgical test- 
ing to insure top tool steel quality and meeting of your 
specifications. 

Allegheny Ludlum stocks a complete line of tool 
steel sizes and grades. Call your nearest A-L representa- 
tive; you'll get quick service and counsel on such 
problems as heat treating, machining, grade selection, 
etc. Or write for A-L’s publication list which gives full 
data on the more than 125 technical publications offered. 
They'll make your job easier. 

ALLEGHENY LUDLUM STEEL CORPORATION, 
Oliver Bldg., Pittsburgh 22, Pa. Address Dept. MP-10 


ALLEGHENY LUDLUM 


Tool Steel warehouse stocks throughout the country ...Check the yellow pages 
every grade of tool steel... every help in using it 
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April—Ammonia storage tank installed Later—Leaks! Getting improper flow 
without supervision by supplier ‘‘Z’’... of ammonia... 


Still tlater—Discovered certain vital equip- Too late—Safety and efficiency at danger 
ment improperly installed... point, shut down line to make repairs... 


Be trouble-free—be sure Armour Ammonia 
experts help supervise your cylinder and 
storage tank installations! 


Armour’s Technical Service plus a consistent purity of 
99.98% —on delivery—from 163 stock points and 8 bulk 
stations make Armour your one best source for trouble- 
free ammonia. For further information on cylinder or 
storage tank installations, write us on your company 
letterhead. 


wv ARMOUR AMMONIA DIVISION 
WV West 31st Street Chicago 9, Illinois 
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Consistent Uniformity as you 
Bright Harden and Bright 

Anneal at 1850° — 100 pounds of 
stainless parts per hour! 


individually through the 
entire processing cycle 


This new Shaker Hearth employs an alloy muffle which 
incorporates a purging, heating and water-jacketed cooling section, 
and seals into an automatic conveyorized oil tank. 
Among the many operational advantages of this new line of 
years OF Reciprocating Furnaces, are the maintenance of —80° to —90° F, 
PIONEERING dew points .. . complete atmosphere uniformity throughout the 
processing cycle . . . and a very low consumption of atmosphere gas. . . 

Batch purging, heating and cooling are eliminated . . . and the parts 
may be observed throughout the entire processing cycle through 
openings in the charge and discharge ends of the muffle. 


Write for Equipment Catalog #8A. 


GAS FURNACE Co. | 
LAFAYETTE STREET — ELIZABETH 
“Pioneers since 1878" 


Be sure to see our latest improved machine at Booth No. 2027, 
Cleveland Metal Show, Oct, 27-31 
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Radiographer Harold B. Allen of TWA, shown on the wing of a TWA Constellation, is placing 


the x-ray machine in position to check the lower wing skin of the inboard engine nacelle 


“For critical aircraft inspection, 


TWA uses Du Pont x-ray film” 


reports Mr. Norman W. Grotz, Manager of Inspection at 
Trans World Airlines Overhaul Base in Parkville, Missouri 


Each TWA airliner is fully inspected after each 
3000 hours of flight time to conform to TWA safety 
requirements. The use of x-ray has enabled TWA 
to save approximately 150 man-hours per major 
overhaul and has made it possible to accurately 
check structural integrity of areas invisible with 
other methods. 

Most of the film used at the Parkville Overhaul 
Base is DuPont x-ray film. Explaining why, 
Mr. Grotz says, “We tested all available x-ray films 
to determine their suitability. Du Pont film met all 
of our stringent requirements, including fine grain 
for visualization of critical detail. And the service 
of the Du Pont Technical Representatives is excel- 
lent—an important factor in our use of this film. 

“Some of the vital checks we make with Du Pont 
film are for foreign particles in the engine oil coolers, 


Better Things for Better Living . . . through Chemistry 


various hydraulic cylinders and the engine nacelles.” 
continues Mr. Grotz. “The bottom skin of the wing. 
'. inch aluminum, is subjected to heavy stress. With 
Du Pont film, we can easily check the bottom skin 
through four other layers of metal and feel confident 
about the accuracy of our findings.” 


Mr. Grotz is in charge of inspecting each of 
TWA’s 135 Constellations. “By combining technical 
know-how,” he concludes, “with fine equipment and 
materials like Du Pont x-ray film, we are daily im- 
proving our inspection procedures while maintain- 
ing TWA’s fine safety record in the sky.” 


For quality you can depend on, with the finest 
technical service, use Du Pont Industrial \-ray Film. 
If you want more information, call the nearest 
Du Pont Sales Office, or write Du Pont Photo 
Products Department, 2432-A Nemours Building, 
Wilmington 98, Delaware. In Canada: Du Pont 
Company of Canada (1956) Limited, Toronto. 


‘ 
ae 
ri 
— 
4 
.. 
; 
y 
= 
4 
. 
4 


Atmosphere of 99.99% inert gases now 
provided by new Lindberg HYNI Generator 


*kk Completely new, fully automatic, dry process 
provides highest degree of nitrogen purity 


*«*k°k This process produces nitrogen for only 
$0.17 to $0.20 per 1000 cubic feet 


In the metals industry this superior nitrogen 
atmosphere is ideal for bright hardening, free 
from carburization and decarburization . 

annealing and normalizing without scale, de- 
carburization or carburization . . . bright copper 


and silver brazing . . . carbon correction of 
decarburized forgings or bar stock . . . sintering 
of powder metals . . . gas carburizing and car- 
bonitriding. It is also useful as a blanketing gas 
in the chemical and food processing industries. 


* How The Process Operates 
This 99.99% pure atmosphere is produced 
by a completely new, dry, fully automatic 
process. It uses the principle of burning 
a hydrocarbon fuel in a separate catalytic 
combustion chamber to obtain complete 
reaction without unburned methane, high 
residual oxygen or a high percentage of 
oxides of nitrogen. Carbon dioxide, water 
vapor, sulphur dioxide or hydrogen sul- 
phide are simultaneously removed in a 
dry, absorbent material known as Molec- 
ular Sieve made by Linde Division of 
Union Carbide and Chemical Corporation. 


* Sample of Analysis 
Obtainable With HYNI Generator 
Oxygen 0.00% 
Carbon dioxide 0.01% 
Hydrocarbons 0.00% 


Water vapor: 
Less than -80° F. dewpoint 
(7 p.p.m. when measured 
by a Beckman Hygrometer) 

Hydrogen 

Carbon monoxide 

Sulphur 

Oxides of nitrogen 

Nitrogen and Argon 


0.00% 
0.00% 
0.00% 
0.00% 
99.99% 


GAS PROCESSING DIVISION 


“LinGBERG ENGINEERING COMPANY 2448 West Hubbard Street, Chicago 12, Illinois 


This new HYNI generator is an im- 
portant addition to Lindberg's com- 
plete line of controlled atmosphere 
generators. Write us for complete 
information on this remarkable new 
unit, and other Lindberg generators 
for any required atmosphere type. 


See us, too, in Booth 331 
at The Metal Show 


KK This Process is Economical 
One of the advantages of this process of 
producing nitrogen is its low cost. With 
the HYNI Generator the nearly-pure 
nitrogen is produced for only $0.17 to 
$0.20 per 1000 cubic feet. Cost of power, 
raw gas and cooling water is included and 
based on: fuel gas at $0.60 per 1,000,000 
BTU; electricity at $0.01 per KWH; 
cooling water at $0.05 per 1000 gal. 
Quoted cost does not include maintenance 
or amortization. Lindberg quality design 
and construction assures complete depend- 
ability and lowest maintenance cost. 
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Wherever industry needs heat... 


You’ll find LINOBERG equipment 


just right for the specific job 


Gantry Type Furnace: Vertical, 
controlled-atmosphere, drop 
bottom, hardening furnace. Com- 
plete installation field-instailed 
by Lindberg. 


Roller Hearth Furnaces: 
Continuous electric type 
(shown) with temperature 
range 1300° to 2100° F. 


Rotary Hearth Furnaces: 
Doughnut type field-installed 
gas-fired furnace (shown) with 
capacity of 13,000 ibs. per hour. 


HF Induction Heating Units: Vertical Type Furnaces: Car- Super-Cyclone Tempering 
Available in 5, 10, 25 and 50 KW burizing and hardening furnace Furnace: Production box type. 


units. 


(shown) with CORRTHERM elec- Electric or gas. Two temperature 
trical heating elements. ranges—to 1750° F. 


Atmosphere Generators: Hyen 
generator (shown) for endother- 
mic atmospheres. Generators 
for all required atmospheres. 


Ceramic Kilns: Gas-fired peri- Melting and Holding Furnaces: Laboratory Equipment: One- Aluminum Reverberatory Fur- 
odic kiln (shown) with temperature Electric resistance furnace unit box furnace (shown), muffle naces: Twin-chamber melting 
(shown) with capacities of 750 or for non-oxidizing atmosphere and holding furnace (shown) with 
Ibs. to 1500 ibs. with temperature range to 3000° F. 45,000 Ibs. capacity. 


range to 3250° F. 


tt: 
| 
= 
Fa 
a 
4 
| = | = - 
| | 
3 
q 


Lindbere-Desiened 


heat treating installation 
reduces jet engine parts 
pickling costs 25% for Jervis 


This specially designed annealing and heat treating furnace at Jervis 
Corporation, Grandville, Michigan, is an interesting example of how cooperation 
between the user and the maker of heat treating equipment can adopt 
established furnace principles to the improvement of production methods. 
Jervis and Lindberg engineers, starting with a conventional box type 

furnace, designed this furnace with two chambers, one for preheat and one for 
high heat, and added a third with a water jacket for protective cooling. 

This combination provides efficient heat equalization, protective atmosphere, 
and protects against corrosion and carbide precipitation. Jervis estimates 

this furnace provides a 25% reduction in pickling costs, as well as improved 
quality, in the treating of jet engine parts. 

Lindberg equipment and Lindberg planning can help you find the most 
effective answer to any problem of applying heat to industry. We cover the 
field, heat treating, melting and holding, tempering, brazing, enameling 
furnaces, ceramic kilns, high frequency units, and are in the ideal position to 
recommend just the type of equipment most suitable for your needs. This 
can be factory built or field-installed in your own plant, fuel-fired or electric. 
Consult your local Lindberg Field Representative (see the classified phone 
book) or get in touch with us direct. Lindberg Engineering Company, 
2448 West Hubbard Street, Chicago 12, Illinois. Los Angeles Plant: 

11937 South Regentview Avenue, at Downey, California. 


% Look up Lindberg Booth 331 at the Metal Show 


LINDBERG heat for industry 


The handsome Jervis plant at Grand- 
ville, Michigan occupies 238,300 square 
feet of floor space. 


Mr. James Bockheim, Metaliurgist at 
Jervis, says, can handle any air- 
craft material in this furnace... and 
operate it with just one man." 


Diagram shows the unusual three- 
chamber furnace design. 


Work coming from the cooling cham- 
ber after treatment. 


atmosphere exothermically from natural 
gas. 
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This is What 
Careful Buyers 
Want to Know about 
Induction Heating 

Equipment... 


First — they want to know that they will 
get cost-cutting performance and dependa- 
bility. This is basic... and it is the basic 
reason for the widespread acceptance of 
Allis-Chalmers induction heaters for harden- 
ing, annealing, brazing, melting. 


Then — careful buyers want .o know how 
well the equipment is backed up by the 
manufacturer’s experience, engineering, re- 
search and service facilities. Again, Allis- 
Chalmers excels. 


A-C engineering includes help in planning 
the most efficient use of induction heating 
in your operation, the design and manufac- 
ture of work fixtures and handling equip- 
ment, the testing of your material samples 
in A-C’s modern laboratory. When your 
heater is installed, a field engineer from one 
of the A-C regional offices near you super- 
vises the job. 


There is an A-C representative in your 
area who can give you more details. Call 
him, or write Allis-Chalmers, Industrial 
Equipment Division, Milwaukee 1, Wiscon- 
sin, for Bulletin 12B6430B. 


ALLIS-CHALMERS 


Check These Quality Feotures 


1. Water-cooled oscillator tube has life expect. 
ancy of 5000 hours or more — with comple 
reserve capacity for emergencies. 


2. Plate transformer is designed for continu- 
ous, heavy-duty service...has large reserve 
capacity. 


3. Six-tube, three-phase full-wave rectifier sec- 
tion is standard... choke coil and capacitor 
network protect rectifier tubes from high-fre- 
quency currents, 


4. Compact, attractive all-steel cabinet provides 
electrostatic and electromagnetic shielding. 


5. Output circuit is based on simple principle 
which eliminates need for extra, expensive out- 
put transformers. 


6. Precision automatic timer and all necessary 
controls are standard, No extras (except han- 
dling equipment) required. 


7. All operating controls are clearly marked 
and mounted on one ponel. 


8. Safety features: heavy-duty control, high 
water temperature switch, high and low water 
pressure switches, fuses, interlocked doors. 


And ... Bakelite standoffs, adequate clear- 
ances, clean wiring arrangements, ceramic 
coils, heavy duty relays. 
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The legendary Firebird, the Phoenix, rose young and strong again and again from flames . . . ‘I’his is the new Norton Firebird 
— symbol for the exciting new fused materials made in Norton's electric furnaces. 


Comparable to the ancient Firebird 
legend is the wonder-working energy of 
Norton electric furnaces. Here, raw ma- 
terials are transformed into new, high- 
purity compounds of tremendous im- 
portance to scientific and industrial 
progress. 

For example, Norton began develop- 
ment of stable boron compounds a quar- 
ter century ago and now provides boron 
as the nitride, the carbide or as borides 
and experimentally in its elemental 
form. 

Norton electrochemical engineering 


may be a valuable aid to your own proc- 
essing. It enables users to improve man- 
ufacture with an increasing variety of 
boron-rich compounds, including inter- 
mediates for chemical processing and 
additives for metal alloying. Technical 
cooperation is available with all these 
Gifts of the Firebird. 


Gifts of the Firebird: compounds of 
silicon + zirconium «+ boron + aluminum 
* magnesium « titanium + chromium 

including many 
borides + carbides + nitrides - oxides, 


BORON: gift of the Firebird << 


Cty, 


che 
he ting, 
irq 


NEW 
CATALOG AVAILABLE 


Write to Norton Company, Electro- 
chemical Division, 809 New Bond 
Street, Worcester 6, Massachusetts. 


ELECTROCHEMICALS 


MAKING BETTER PRODUCTS ...TO MAKE YOUR PRODUCTS BETTER 
OCTOBER 1958 
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New Age-hardenable Titanium Alloys Offer 
Up to 220,000 psi Tensile Strength and Easier 
Formability for 600 to 1,000 F Applications 


Three new age-hardenable titanium alloys may prove 
to be the solution to many of the strength-weight and 
temperature problems encountered in designing ad- 
vanced aircraft and missiles. They may also prove 
extremely economical for such applications. 


All three offer much higher strengths than other 
titanium alloys — and have the light weight and cor- 
rosion resistance typical of titanium alloys. Further- 
more, they are readily FORMAGEABLE* — capable of 
being formed in the solution-treated or “soft” con- 
dition and then strengthened by simple thermal aging 
techniques. Each is now in pilot production and avail- 
able in limited quantities of mill products. 


First Age-hardenable All-beta Ti Alloy 


Crucible B-120VCA is the first useful titanium 
alloy with an all-beta (high temperature) structure. 
It has both the highest strength and best formability 
of any titanium-base alloy. 


This alloy’s composition (138%V-11%Cr-3%Al) en- 
ables its structure to stay all-beta during forming 
and/or during slow cooling, and to age to high 
strength levels at temperatures where distortion is 
not a problem. 


B-120VCA has a unique combination of proper- 
ties. Room temperature strengths of 200,000 to 
250,000 psi have been obtained. On a strength-weight 
basis this is the highest strength of any available 
structural material. In short-time elevated tempera- 
ture tensile tests (1-2 minutes), it offers a decided 
strength-weight advantage over alternate materials 
at temperatures up to at least 1,000 F. Under creep 
conditions, for very long periods of time, it enjoys a 
strength-weight advantage up to at least 600 F. 
Beyond this limit, the other Crucible FORMAGEABLE 
titanium alloys are recommended. 


B-120VCA is ductile-weldable, cold-headable, and 
has great and deep hardenability. Because of this 
formability, it should prove suitable for applications 
such as aircraft skins, stiffeners and other primary 
structural shapes, and for missile pressure tanks, 


rocket motor cases and structural members. Prelimi- 
nary tests indicate it may prove unequalled as a con- 
struction material for honeycomb assemblies. Because 


it is so easy to cold-head, it has a large potential in 
such items as rivets. 


Alpha-beta Titanium-base Alloys 


Crucible C-105VA is an alph-beta titanium-base ma- 
terial which also is FORMAGEABLE. Its 16% vanadium 
content stabilizes a sufficient amount of the beta 
phase for good age-hardenable response; the 2.5% Al 
content improves the alloy’s elevated temperature 
properties. 


C-105VA resolves two conflicting requirements for 
aircraft sheet material. It is soft, ductile and easily 
formed in the solution-quenched condition. Because 
the formed parts can be aged subsequently at moder- 
ate temperatures, parts made of C-105VA can pos- 
sess high strengths at temperatures up to 800 F for 
long periods of time. 
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This third alloy, C-115 AMoV (4% Al-3%Mo-1%V), 
also shows considerable promise for aircraft sheet 
applications. It is age-hardenable to higher strengths 
than C-105VA with only slight sacrifice in forming 
characteristics, 


Considerable data on the properties and fabricat- 
ing qualities of all three alloys have been assembled 
by Crucible’s Titanium Division. For data sheets and 
additional information, send the coupon. 


Tool Steels Replace 
Standard Alloys 
for Production Parts 


As design and metallurgical engineers require ma- 
terials with improved properties or greater uniform- 
ity, they are turning more to the use of tool steel for 
production parts. Here are three good examples: 


1. Vanes in the hydraulic system that actuates the 
automatic steering mechanism on cars are made of 
Crucible REX® M-2 high speed steel. REX M-2 com- 
bines the abrasion resistance necessary for minimum 
wear with the impact resistance needed for long life 
and safety. The manufacturer experimented with 
numerous other steels, but high speed steel lasted 
longer than any other type tested. 


2. Actuator bars for a nationally-known calculator 
are now being produced of Crucible KETOS® — a low- 
priced AISI Type Ol alloy tool steel — because the 
thin, close-tolerance contact edges withstood over 
4-million high speed blows in a life test. No other 
steel has lasted more than 1-million cycles before 
chipping and failing. 


3. Cylinder block for a fast acting, aircraft 
hydraulic pump made of Crucible Chrome tool steel. 
Pump operates at temperatures up to 500 F, pres- 
sures to 5,000 psi. Tool steel was selected over a 
standard AISI alloy because of its high degree of 
cleanliness, uniform response to heat treatment, and 
controlled hardenability. Furthermore, because tool 
steel practices are employed in making it, the steel 
more consistently meets the critical mechanical and 
physical properties required in this application. 


CRUCIBLE 
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For data sheets on these and all other Crucible tool 


steels — send the coupon. 


High Boron Stainless Steels 
Made Possible 
by Vacuum Melting 


Type 304 stainless steel with boron has proved to be 
an excellent material for nuclear equipment, because 
the boron readily absorbs neutrons. By increasing 
the boron content, valuable weight and thickness re- 
ductions can be made in reactor shielding and control 


rods. 


Unfortunately, conventionally melted borated 304 
becomes “hot short” — virtually impossible to work 
. Vacuum melting has 
provided the answer to this problem. Vacuum-melted 
304 stainless is readily workable when the boron con- 


if the boron content exceeds 1% 


tent goes up to 2% or even higher. 


Vacuum melting the alloy also provides closer con- 
trol of the composition, because only pure materials 
are used. So, undesirable elements such as cobalt — 
which becomes radioactive upon bombardment — can 
be kept to a minimum. In fact, vacuum-melted Type 
$04 stainless can be supplied with less than .001% 


cobalt. 


For additional information on vacuum-melted 


steels — send the coupon. 


CRUCIBLE STEEL COMPANY OF AMERICA 
Dept. EJO9, The Oliver Building 

Mellon Squore, Pittsburgh 22, Po. 
Gentlemen 

Please send me the following 


1. Data sheets on B-120VCA [] C-105VA 


2. A copy of “Titanium Alloys for Aircraft 
by Finlay, Vordahi and Malone (] 


ible tool steels 


4. Data sheets on vacuum-melted steels (1) 

Compon 
treet 
City 


i 
: 3. Dato Book on Cru 
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STEEL COMPANY OF AMERICA 
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_at-work 


You get good, predictable performance from a solid exclusive, patented ingot design, to turn out tool and 


cold heading die only when the die steel you use die steels—such as H-9 Double Header for cold 
is uniformly tough and strong through the core of the heading dies—that are more uniform through the center 
bar. But the core of the bar can only be as uniform and have greater freedom from segregation and 


flaws than any other tool and die steels sold today. 


as the core of the ingot it came from. , 
A call for H-9 Double Header to your nearest 


That’s why Carpenter developed the MEL-TROL Carpenter representative—right now—is your very best 
process. MEL-TROL uses the best quality control tools answer to the problem of unpredictable 
made, precise melting techniques, and an performance in cold heading dies. 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 

Webb Wire Division, New Brunswick, N. J. 
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MADE FOR EACH OTHER 


Gas furnace explosions sometimes occur during light- 


we =e A mericd nr up because someone had left open a gas burner cock 


after the previous shut-down, thus allowing the fur- 


O nace to be filled with unburned fuel. North American 
iy. SA ule Series 22 Safety Shutoff Valves and Series 1857 Cocks 


can be combined in a Supervising Gas Cock System 
to prevent such explosions. 


The Series 1857 Supervising Cock is drilled with a 
small secondary passage located so that it is open 
only when the main passage is closed. A checking 
pressure line is connected through the secondary 
passages of all the Supervising Cocks so that a pres- 
sure switch at the end of the line cannot close a 
circuit to the safety shutoff valve until all the cocks 
are shut. If the operator finds that he cannot open 
the safety shutoff valve, he must locate the open 
Supervising Cock and close it. 


Series 22 Safety Shutoff Valves are offered in nine sizes for 34" to 

6" pipe, with solenoid or pneumatic operators, reset wheels, and 

companion flanges, plus provision for protection from dirty cor- 

rosive gases and weather. They are compact in design and can 

be installed in a variety of positions. The globe-type valve with 

soft seat assures positive shutoff. Approved by Factory Mutual, Series 1857 Supervising Gas Cocks are offered in fourteen sizes 
Underwriters’ Laboratories, and Canadian Standards Association. for 44" to 6" pipe. 


AIR INLET 


FURNACE, OVEN or KILN 


‘SWITCH 


PILOT 


‘SUPERVISING BURNER 
GAS COCK 


SAFETY SHUTOFF VALVE 


For engineering information consult your nearby N.A. office or write for Bulletin 1857. 


OMBUSTION ENGINEERS 
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NEW (4°) ELECTROPOLISHER 


FOR METALLOGRAPHIC SAMPLES 


No. 1723 AB EXTRA TANK No. 1720 AB ELECTROPOLISHER 


SIMPLICITY IN OPERATION 
INTERCHANGEABLE ELECTROLYTE TANK 


IMPACT and CORROSION RESISTANCE @ 
A 


EASY TO FILL and EMPTY Extra Tanks 


CONVENIENT ELECTROLYTE STORAGE \ Cooling Coils 


COMPLETE ELECTRICAL INSULATION 
INCREASED SAMPLE AREA ‘ Extensions: 


GREATER ELECTROLYTE CAPACITY AS eel ANODE-CATHODE 
ETCHING 
A-C 


VERSATILE POWER SOURCE 

D. C. RIPPLE CONTROL 

FIELD TESTED and APPROVED . Cathodes 
REASONABLY PRICED for Etching 


Qe 


| Cathode Holders 


| 
Buckler Led METALLURGICAL APPARATUS 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 
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SHORT CUTS to finshed products. 


Anaconda pre-formed mull products cut time and cost 


finishing and machining—reduce scrap losses. 


Linde Company's “Purox” Cutting Blowpipe, Type “E,” is 
produced more easily and economically with these Anaconda 
products, 1, 2, 3. Die-pressed forgings, with these advantages: 
twice-wrought metal has denseness to prevent gas leaks; 
toughness and strength to stand up to abuse; has uniformity, 
dimensional accuracy to cut machining cost—finishing re- 


Cost-cutting possibilities are almost unlimited when 
imagination is applied to designing with pre-formed 
Anaconda mill products. Simplify costly built-up 
assemblies with die-pressed forgings. Cut machin- 
ing and scrap with tubes and solid special shapes 
adapted to your needs. For imaginative and prac- 
tical technical help, write: The American Brass 
Co., Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. baa 
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duced to bright dip. 4, 5. Thick-wall tubes of Ambrac-850 
alloy to dissipate heat rapidly, prevent overheating and 
“flashback”; alloy has high strength for rough service, yet 
has sufficient machinability. 6. Special-shape brass tube with 
fluting pre-formed is furnished in long lengths ready for 
fast, economical screw machine operation. 


DIE-PRESSED FORGINGS e SPECIAL-SHAPE TUBES 
EXTRUSIONS e FABRICATED METAL GOODS 


ANACONDA’ 


products made by 
THE AMERICAN BRASS COMPANY 
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‘‘Maybe there’s a steel to do 


ask Ryerson!’’ 


If there is a better steel for your op- 
eration, Ryerson can tell you. A 
Ryerson specialist will assist you in 
solving the problems of steel appli- 
cation and fabrication, too. 
Ryerson strategically located 
plants carry large stocks to meet 
virtually every steel need. That’s 
why the Ryerson specialist will sug- 
gest only the best steel for the job. 
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He can offer you facilities and ex- 
perience to help with design prob- 
lems. 

And as the Ryerson specialist 
works with you on problems of steel 
selection, he will also develop a plan 


it better... 


for efficient delivery. This means a 
smoothly flowing production line 
while inventory investment is kept 
at a minimum. 

There's a steel specialist at your 
nearby Ryerson plant ready to 
work with you. So—when you have 
a question of the best and most 
economical steel to use, ask Ryerson. 


STEEL 


Member of the «<D- Stee! Family 


Principal Products: Carbon, alloy and stainless steel —tubing, bars, structurals, 
plates, sheets aluminum, industrial plastics, metalworking machinery, etc. 


JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK * BOSTON * WALLINGFORD, CONN. + PHILADELPHIA * CHARLOTTE * CINCINNATI * CLEVELAND 
DETROIT + PITTSBURGH * BUFFALO * INDIANAPOLIS * CHICAGO + MILWAUKEE « ST. LOUIS * LOS ANGELES * SAN FRANCISCO + SPOKANE * SEATTLE 


METAL PROGRESS 


ANOTHER RYERSON PLUS: Steel Specialists 
J 
sf 
: 
ig 
‘ 
I t 


to Cleveland... 


The wast weex or THs MontH thousands of management executives, 
operating men and top technical people of the metalworking industry will come 
to Cleveland to attend the National Metal Congress and Exposition. This event, 
in its 40th year, has become sort of an official annual check-up on what's new in 
metals and metalworking. Six other societies are cooperating with the American 
Society for Metals to produce a technical program that’s unequaled in engineer- 
ing and scientific interest. In the Metal Exposition some 400 firms (p. 89) will 
show their products and services. Exhibitors will be ready to demonstrate to 
visitors ways to make products better and cheaper with new materials and 
improved processes. 

In the following pages the program is arranged day by day to permit the visitor 
to choose the items of most interest. Fifty outstanding scientific papers have been 
selected by the @ Transactions Committee for presentation (brief digests of 
some of these start on page 174). For the first time the Congress will feature a 
series of engineering conferences arranged by the Metals Engineering Program 
Committee. Over 40 papers dealing with the practical aspects of metalworking 
will be presented. These are called the William Park Woodside Panel Con- 
ferences in honor of an @ founder member. Additional events include a three- 
day Seminar on Residual Stresses to be held the latter part of the week and a 
Seminar on Magnetic Properties of Metals and Alloys on the preceding week-end, 
Oct. 25 and 26. 

As in the past, sessions of cooperating groups will contribute significantly to the 
value of the program. The fall meeting of the Metallurgical Society of A.I.M.E. 
will feature four simultaneous meetings for four days — Oct. 27 to 30. The Society 
for Nondestructive Testing has a full program which includes an educational 
clinic plus other sessions on timely topics. The Industrial Heating Equipment 
Association, Metal Powder Industries Federation, Metals Division of Special 
Libraries Association and Metal Treating Institute (a newly cooperating group) 
have special programs planned. 

To complement the events of the month, this issue of Metal Progress brings 
outstanding features to help you do a better job with metals: A “Preview of Space 
Metals” (p. 96) discusses new requirements for materials and fabrication result- 
ing from the advances being made in aircraft, missiles, and satellites; “What's New 
in Everyday Uses for Metals” (p. 114) emphasizes developments in alloys, design 
and fabrication which will help the average metalworking plant; “The Potential 
for Higher Temperature Carburizing” (p. 134) brings you up to date on possi- 
bilities here; and New Metallographic Techniques (p. 140) presents three good 
time-saving ideas. 

We are in an era in which we are only beginning to witness the fantastic future 
in metallurgy. Why not come to the National Metal Congress and Exposition 
and learn first hand what better technology can mean in dollars and cents to your 
company! You will be well repaid for your attendance. : 


ct 
G. M. Younc, President 
AMERICAN SOCIETY FOR METALS 


Co 
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tional Metal Congress 
and Exposition 


Cleveland, Oct. 25 through Nov. 1, 1958 


American Society for Metals...... Headquarters Hotels: Statler-Hilton 
and Hotel Cleveland 


Seminar on Magnetic Properties of Metals and Alloys, Saturday 
and Sunday 

Technical Sessions, Monday morning through Thursday afternoon 

Metals Engineering Panel Discussions, Monday morning through 
Thursday afternoon (Hotel Cleveland) 

Honors and Awards Luncheon, Tuesday noon. 

Annual Meeting and Campbell Memorial Lecture, Wednesday 
morning 

Annual Banquet, Thursday evening 

Seminar on Residual Stresses, Thursday through Saturday (Wade 
Park Manor) 

National Metal Exposition, Monday through Friday (Public Audi- 

torium) 


The Metallurgical Society, sponsored by the 
Institute of Metals Div., A.I.M.E........ Headquarters, Carter Hotel 


Committee Meetings, Sunday through Thursday 
Technical Sessions, Monday morning through Thursday morning 
Annual Fall Dinner, Tuesday evening 


Society for Nondestructive Testing... .. Headquarters, Manger Hotel 
Educational Clinic, Monday all day 

Technical Sessions, Monday through Friday 

Annual Dinner, Wednesday evening 


Metal Treating Institute...................... (Jointly With ASM) 


Technical Session, Thursday morning 


Metal Powder Industries Federation... ... . (Jointly With ASM) 


Technical Session, Wednesday afternoon 


Industrial Heating Equipment Association... . . . (Jointly With ASM) 


Technical Session, Tuesday morning 


Special Libraries Association, Metals Division 
Headquarters, Carter Hotel 


Technical Sessions and Inspection Trips, Thursday and Friday 
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Complete programs, grouped by days, on following pages 


Saturday, F 
October 25, 1 958 


AS 


9:00 A.M.  Statler-Hilton 2:00 P.M. Statler-Hilton 


Seminar on Magnetic Properties of Metals and Alloys 


Introduction Ferromagnetic Domain Structure 
By R. M. Bozorth, Bell Telephone Labora- By H. J. Williams and R. C. Sherwood, Bell 
tories 


Telephone Laboratories 


Fundamental Questions in Magnetism Magnetic Behavior of Thin Films 

By J. H. VanVleck, Harvard University By J. B. Goodenough, Massachusetts Institute 
Experimental Measurements of Fundamental of Technology 
Magnetic Properties 


Magnetic Properties of Fine Particles 
By C. P. Bean, General Electric Research By T. O. Paine, General Electric Instrument 
Laboratories Dept. 

Nuclear Resonance in Magnetic Materials 
By R. G. Shulman, Bell Telephone Labora- 


tories 


8:00 P.M. Statler-Hilton 


Seminar on Magnetic Properties of Metals and Alloys 


Time Effects in Magnetization 
By G. W. Rathenau, University of Amster- 
dam, (The Netherlands) 


Sunday, 
October 26, 1958 


Statler-Hilton 2:00 P.M. Statler-Hilton 


AS 9:00 A.M. 
W 


Seminar on Magnetic Properties of Metals and Alloys 


Magnetostriction Magnetic Measurements in Metallurgy 
By W. J. Carr, Jr., Westinghouse Research By J. E. Goldman, Ford Motor Co. Scientific 
Laboratories Laboratory 

Magnetomechanical Damping Magnetic Annealing 
By A. W. Cochardt, Westinghouse Research By C. D. Graham, Jr., General Electric Re- 
Laboratories search Laboratories 

Magnetic Properties and Temperature Metallurgical Structure and Magnetic Properties 
By B. L. Averbach, Massachusetts Institute of By J. J. Becker, General Electric Research 
Technology Laboratories 
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Monday Morning, 
October 27, 1958 
AS 


9:00 A.M.  Statler-Hilton 


W 


Session on Diffusion and Growth 


Preparation of FeO, NiO and CoO Crystals by 
Halide Decomposition 
By R. E. Cech and E. I. Alessandrini, General 
Electric Research Laboratory 
Spiral Growth 
Cadmium 
By W_ I. Pollock, E. 1. du Pont de Nemours 
& Co., and R. F. Mehl, Carnegie Institute of 
Technology 


During Vapor Deposition of 


Solid State Diffusion and the Motion of Phase 
Boundaries 

By D. D. Van Horn, General Electric Co. 
Diffusion Layer Formation in the Ternary System 
Aluminum-Magnesium-Zinc 

By J. B Clark, Dow Chemical Co. and 

F. N. Rhines, Carnegie Institute of Technology 
Growth Conditions for Equiaxed Crystals in 
Aluminum-Magnesium Alloys 

By T. S. Plaskett and W. C. Winegard, Uni- 

versity of Toronto 


9:00 A.M. Statler-Hilton 


Session on Precipitation 


Unique Deformation and Aging Characteristics 

of Certain Magnesium-Base Alloys 
By S. L. Couling, J F. Pashak and L. Sturkey, 
Dow Chemical Co. 

The Phenomenon of “Negative Creep” in Alloys 
By R. W. Fountain and M. Korchynsky, Electro 
Metallurgical Co. 


Aging Characteristics of “Hastelloy B” 

By R. E. Clausing, P. Patriarca and 

W. D. Manly, Oak Ridge National Laboratory 
The Response of an Iron-Base Alloy, Hardened 
with Titanium, to Various Aging Times and 
Temperatures 

By T. W. Bic helberger, Westinghouse Research 

Laboratories 


9:00 A.M. Hotel Cleveland 


First Panel Conference on Fabrication of Molybdenum 


The Production of Quality Molybdenum Mill 
Products 
By W. L. Bruckart, Universal Cyclops Steel 
Corp. 


Molybdenum as a Structural Alloy 
By J J. Harwood, Olive of Naval Research 
Forming Molybdenum Sheet 
By D. C. Goldberg, Westinghouse Electric 
Corp., Aviation Gas Turbine Division 


9:00 A.M. Carter Hotel 


Session on General Metallurgy 


Freezing of Liquid Metal in a Mold 
By G. Horvay and J. G. Henzel, General Elec- 
tric Co. 

Gas Desorption of Nickel Powders 
By J. F. Watson, Convair Research Labora- 
tories, and M. J. Sinnott, University of Mich- 
igan 

Hydrogen in Cold Worked Iron-Carbon Alloys 

and the Mechanism of Hydrogen Embrittlement 
By M. L. Hill and E. W. Johnson, Westing- 
house Electric Corp. 

Aging of Hydrogen Charged Steel 
By H. C. Rogers, General Electric Co. 


Fatigue in Single Crystals of Copper 
By M. L. Ebner and W. A. Backofen, Massa- 
chusetts Institute of Technology 
Hardening Characteristics of Polycrystalline Cop- 
per Under Fatigue Loading 
By M. L. Ebner and W. A. Backofen, Massa- 
chusetts Institute of Technology 
Reduction of Nickel Oxide 
By R. E. Cech, General Electric Co. 
Nucleation of Whiskers Formed by Reduction of 
Nickel Bromide 
By R. E. Cech, General Electric Co. 


9:00 A.M. Carter Hotel 


Symposium on Point Imperfections 


Irradiation Damage and Point Imperfections 
By J. W. Corbett, General Electric Co. 


Internal Friction and Point Imperfections 
By C. A. Wert, University of Illinois 


Thermal Treatment and Point Imperfections 
By A. S. Nowick, Columbia University 
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9:00 A.M. Carter Hotel 


Session on Oxidation and Mechanical Properties 


Oxide Particle Dispersions in Internally Oxidized 
Copper-Aluminum Alloys 

By D. L. Wood, General Electric Co. 
Mechanical Properties of Internally Oxidized 
Copper-Aluminum Alloys 

Wood, General Electric Co. 
Recrystallization of Internally Oxidized Copper- 
Aluminum Alloys 

L. Wood, General Electric Co. 
Strengthening of Copper Alloys by 
Oxidation 

By M. S. 

Ele ctric Co. 


Internal 


General 


Ali and V. A. Phillips, 


Effect of Oxygen on the Tensile Properties of 
Titanium 
By C. Feng, C. Elbaum and W. C. Winegard, 
niversity of Toronto 
Role of Oxide Plasticity in the Oxidation Mecha- 
nism of Pure Copper 
By J. A. Sartell, R. J. Stokes, S. H. Bendel, 
T. L. Johnston and C. H. Li, Minneapolis- 
Honeywell Regulator Co 
Initial Oxidation Rate of Nickel and Effect of the 
Curie Temperature 
By H. Uhlig, J. Pickett and J. MacNairn, 
Massachusetts Institute of Technolugy 


9:00 A.M. Carter Hotel 


Symposium on Research on Semiconductors 


The Industrial Impact of Transistors 
By J. A. Morton, Bell Telephone Laboratories 
Review of Armed Services Activities 
By W. R. Cherry, Evans Signal Laboratory; 
R. Cornelissen, Air Force Cambridge Research 
Center; and P. H. Egli, Naval Research Labora- 


tory 


9:00 A.M. Manger Hotel 


First Session, Educational Clinic 


Orientation and Statement of Scope 

By Douglas Ballard, Sandia Corp. 
Source of Defects to be Located 

By Carl E. Betz, Magnatlux Corp. 
Radiography With X-Rays 

By Wm D. Kiehle, Eastman Kodak Co. 
Nucleonic Gaging 

By J. E. Reider, Industrial Nucleonics Corp 


Radiography With Isotopes 
By Dana E. Elliott, Los Alamos Scientific 
Laboratory 
Fluoroscopy 
By Walter Hampe, 
Corp. 


Westinghouse Electric 


Penetrant Inspection 
By Robert C. Eichen, Magnaflux Corp. 


9:30 A.M. Manger Hotel 


Session on Instruments and Techniques 


How Management Views Nondestructive Testing 


By Harvey Christen, Lockheed Aircraft Corp. 


Electrode Potential Testing 
By P. D 
Laboratory 


Monday 


Noon 


Edwards, Los Alamos Scientific 


New Low-Energy Photon Sources 
By Farno L. Green and Willard D. Cheek 
General Motors Research Staff 

Improving Reliability of Electromagnetic Tests 
By Richard Hochschild, Metrol Inc. 


12:00 M. Public Auditorium 


40th Annual Metal Exposition Opens 
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Monday Afternoon, 
October 27, 1958 


AS 
W 


2:00 P.M. Statler-Hilton 


Session on High-Temperature Metals 


An X-Ray Metallographic Study of Arc-Cast 
Tungsten 
By S. Leber, General Electric Co. 
Temperature and Stress Dependence of the 
Atmosphere Effect on a Nickel-Chromium Alloy 
By P. Shahinian and M. R. Achter, U. S. 
Naval Research Laboratory 


Studies of the Oxidation and Contamination Re- 
sistance of Binary Columbium Alloys 
By C. T. Sims, W. D. Klopp and R. I. Jaffee, 
Battelle Memorial Institute 
High-Temperature Oxidation and Contamination 
of Columbium 
By W. D. Klopp, C. T. Sims and R. I. Jaffee, 
Battelle Memorial Institute 


2:00 P.M. Hotel Cleveland 


Second Panel Conference on Fabrication of Molybdenum 


Fusion Welding of Molybdenum 
By D. C. Martin, Battelle Memorial Institute 
Brazing Molybdenum 
By G. S. Hoppin III, Aircraft Gas Turbine 
Div., General Electric Co. 


Machining of Molybdenum 
By W. A. Taebel and J. Gelok, Lamp Div., 
Westinghouse Electric Corp. 

Protective Coating Systems for Molybdenum 
By R. I. Jaffee, Battelle Memorial Institute 


2:00 P.M. Carter Hotel 


Symposium on Effect of Ordering on Mechanical Properties 


Deformation Characteristics of Superlattices 
By P. A. Flinn, Westinghouse Electric Corp. 
Effect of Ordering on the Mechanical Properties 
of Beta Brass 
By N. Brown and M. Herman, Franklin Insti- 
tute 
Anneal-Hardening in Aluminum Bronze 
By R. W. Cahn, S. Chinowsky and 
R. G. Davies, University of Birmingham 


(England ) 


Deformation and Annealing of the Alloy Cu;sAu 
By J. B. Cohen, B. Roessler and M. B. Bever, 
Massachusetts Institute of Technology 

Effect of Ordering on the Plastic Behavior of an 

Iron-Aluminum Alloy 
By F. X. Kayser, Ford Motor Co. 

Ordering and Creep Properties of Iron-Aluminum 

Alloys 
By A. Lawley, University of Pennsylvania and 
R. W. Cahn, University of Birmingham (Eng- 
land ) 


2:00 P.M. Carter Hotel 


Session on Annealing 


Effect of Atmosphere on Secondary Recrystalli- 

zation in High-Purity Silicon-Iron 
By J. L. Walter and C. G. Dunn, General 
Electric Co. 

Secondary Recrystallization of a Cube-Oriented 

Nucleus 
By C. G. Dunn and J. L. Walter, General 
Electric Co. 

Secondary Recrystallization in Silicon-Iron 
By J. E. May and D. Turnbull, General 
Electric Co. 

Tertiary Recrystallization in Silicon-Iron 
By J. L. Walter and C. G. Dunn, General 
Electric Co. 

Temperature Dependence of Preferred Orienta- 

tion in Rolled Tungsten 
By J. W. Pugh, General Electric Co. 


Determination of Preferred Orientation 
By C. G. Dunn, General Electric Co. 


Perfection of Aluminum and Copper Crystals 
Grown in the Solid State 
By M. N. Parthasarathi and P. A. Beck, Uni- 
versity of Illinois 
Annealing of Point Defects in Cold-Worked Tung- 
sten and the Influence of Impurities on the 
Kinetics 
By L. A. Neimark, Argonne National Labora- 
tory, and R A. Swalin, University of Minne- 
sota 


Temperature Dependence of Grain Boundary 
Migration in High-Purity Lead Containing Smal) 
Additions of Tin 
By K. T. Aust and J. W. 
Electric Co. 


Rutter, General 
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2:00 P.M. Carter Hotel 


Session on Equilibrium and Microstructure 


Zirconium and Hafnium Phases Isostructural 


With Ti,Ni 
By M. V. Nevitt and L. H. Schwartz, Argonne 
National Laboratory 

Ihe Ternary System Zirconium-Silicon-Boron 
By Erwin Parthe and J. T. Norton, Massa- 
chusetts Institute of Technology 

Solid-Liquid Phase Equilibrium in the Bi,Te,- 

Bi.Ses Pseudo-Binary System 
By J. P. McHugh and W. A. Tiller, Westing- 
house Electric Corp. 


Use of Controlled Solidification in Equilibrium 
Diagram Studies 
By W. A. Tiller, Westinghouse Electric Corp. 
CsCl-Type Equi-Atomic Phases in Binary Alloys 
of Transition Elements 
By A. E. Dwight, Argonne National Labora- 
tory 
Effect of Chromium on the Stability of Cemen- 
tite 
By George Sandoz and B. F. Brown, U. S. 
Naval Research Laboratory 


2:00 P.M. Carter Hotel 


First Session on Deformation 


Anomalous Effect of Hydrogen on the Mechanical 
Properties of 92-8 Ti-Mn and 92-4-4 Ti-Al-Mn 
Alloys 
By A. H. Fleitman, Crane Co. 
Effect of Complexing on Mechanical Properties 
of 91-6-3 Ti-Al-Mo Alloy 
By F. A. Crossley, Armour Research Founda- 
tion, and W. F. Carew, Joliet Metallurgical 
Laboratories, Inc. 
A Decision Technique for Evaluating the Effect 
of Melting and Casting Environment on Stress- 
Rupture Preperties 
By J. T. Brown, Westinghouse Electric Corp. 
Ductility of Pelycrystalline Ceramics 
By C. E. May, H. H. Grimes and R. A. Lad, 
National Advisory Committee for Aeronautics 


Short-Time Creep of Some Graphites at 3000 to 
5§300° F. 
By H. E. Martens, L. D. Jaffe and 
D. D. Button, California Institute of Tech- 
nology 
Effect of Surface Condition on the Initiation of 
Plastic Flow in Magnesium Oxide 
By R. J. Stokes, T. L. Johnston and C. H. Li, 
Minneapolis-Honeywell Regulator Co. 
Three Dimensional Ductility and Crack Propa- 
gation of Preferentially Oriented Beryllium Sheet 
By F. M. Yans and A. R. Kaufmann, Nuclear 
Metals, Inc 
Creep of a Dispersion-Hardened Aluminum Alloy 
By G. S. Ansell and J]. Weertman, United 
States Naval Research Laboratory 


1:45 P.M. Manger Hotel 


Second Session, Educational Clinic 


Eddy Currents 
By Richard Hochschild, Metrol, Inc. 
Magnetic Particles 
By W. E. Thomas, Magnaflux Corp. 
Ultrasonics (Reflection and Contact Techniques) 
By John C. Smack, Curtiss-Wright Corp 


Ultrasonics (Immersion Techniques) 

By Wm. C. Hitt, Douglas Aircraft Corp. 
Ultrasonics (Resonance Techniques) 

By K. P. Hayes, Branson Instruments Inc. 
Educational and Training Problems 

By Robert C. McMaster, Ohio State University 


2:00 P.M. Manger Hotel 


Session on Testing of Honeycombs and Sandwiches 
Brazed 


Evaluation § of 
Structures 


By Frank J. Filippi, Solar Aircraft Co. 
Nondestructive Testing of Nonmetallics 
By Carl E. Betz, Magnaflux Corp. 
Measuring Cladding Thickness by Eddy Currents 
By R. A. Nance and J. W. Allen, Oak Ridge 
National Laboratory 


Honeycomb Sandwich 
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Immersed Ultrasonic Inspection of Plates 
By R. W. McClung, Oak Ridge National 
Laboratory 
Testing of Bonded and Brazed Aircraft Structures 
By Thomas G. Bogle, Temco Aircarft Corp. 
Evaluation of Bond Quality in Honeycomb by 
Ultrasonic Surface Wave Techniques 
By E. T. Hughes and EF. Burnstein, Westing- 
house Electric Corp. 
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Tuesday Morning, 
October 28, 1958 


AS 
9:00 A.M. Statler-Hilton 


First Session on Steel 


Mechanical Properties of Fe-Al-Si Alloys at Room Recrystallization, Structure, and Hardness of Low- 
ye and Elevated Temperatures Carbon Steels Containing up to 1% Copper 
By D. J. Schmatz and V. F. Zackay, Ford By R. L. Rickett and W. C. Leslie, United 
Motor Co. States Steel Corp. Research Center 
Multiplying Factors for the Calculation of Hard- Effect of Copper on the Heat Treating Character- 
enability of Hyper-Eutectoid Steels Hardened istics of Medium-Carbon Steel 
ue from 1700° F. By R. A. Grange and J. J. Harrington, U. S 
f By C. F. Jatczak and D. J. Girardi, Timken Steel Corp., and V. E Lambert, Lamp Div., 
Roller Bearing Co. Westinghouse Electric Corp. 


9:00 A.M.  Statler-Hilton 


Session on Mechanical Properties 


The Relationship Between Weld Cracking and Thermal and Mechanical Fatigue of Nickel and 
Alloy Constitution in Some Binary and Ternary Titanium 
Magnesium Alloys By Harry Majors, Jr., Seattle University 
By c. é. Kobrin and R. A. Dodd, University of A Compilation and Interpretation of Cyclic 
Pennsylvania Strain Fatigue Tests on Metals 
Stress Effects of Abrasive Tumbling By J. F. Tavernelli and L. F. Coffin, Jr. 


By H. R. Letner, General Electric Co. General Electric Research Laboratory 


9:00 A.M. Hotel Cleveland 


First Panel Conference on Quenching of Steels 


The How and Why of Quenching Evaluation of Quenching Media 
By C. A. Siebert, University of Michigan By G. H. Robinson and H. J. Gilliland, General 
Quenching—A Thermal Process Motors Research Staff 


By V. Paschkis, Columbia University 


9:00 A.M. Hotel Cleveland 


Panel Conference on Precision Mechanical Springs 


Types of Springs in General Use Behavior of Springs at Elevated Temperatures 
By John B. Beckwith, Wallace Barnes Div., By W. R. Johnson, Associated Spring Corp. 
Associated Spring Corp. Spring Materials 

Role of Stress in Spring Performance By Lem Kulze, Gibson Division 
By A. M. Wahl, Westinghouse Electric Re- 


search Laboratories 


9:00 A.M. Carter Hotel 


Symposium on Physical Chemistry of Halide Systems 


Factors Affecting the Rate of Deposition of Metals Use of Heat and Mass Transfer Model Studies 


in Thermal Dissociation Processes to Evaluate Rates of Deposition of Metals in Com- 
By G. H. Kesler, Battelle Memorial Institute plex Systems 

lodide Columbium By J. H. Oxley and G H. Kesler, Battelle 
By R. F. Rolsten, E. 1. du Pont de Nemours Memorial Institute, and C. E. Dryden, Ohio 
and Co., Inc. State University 
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9:00 A.M. Carter Hotel 


Symposium on Effects of Small Dimension 


Properties of Whiskers 

By N. Cabrera, University of Virginia 
Mechanical Properties of Thin Films 

By J. W. Beams, University of Virginia 


Magnetic Properties of Whiskers, Thin Films and 
Small Particles 


By C. P. Bean, General Electric Co. 


9:00 A.M. Carter Hotel 


First Session on Steelmaking in the Soviet Union 


Raw Materials 

By J. B. Austin, United States Steel Corp. 
Blast Furnaces and Coking 

By J. H. Strassburger, National Steel Corp. 


Open Hearths 

By M. F. Yarotsky, United States Steel Corp. 
Electric Furnaces 

By K. C. McCutcheon, Consulting Engineer 


9:00 A.M. Carter Hotel 


First Meeting on Titanium Metal 


Panel Discussion on Price, Quality and New 

Process Prospects for Titanium Sponge, Ingot, 

and Billet 
By Graham Brown, Mallory-Sharon Metals 
Corp., D. H. Baker, Jr, U. S. Bureau of 
Mines; G. A. Moudry, Harvey Aluminum Co., 
W. E. Lusby, Jr, E. 1. du Pont de Nemours 
and Co., Inc., and summary by H. H. Kellogg, 
Columbia University 


Price Trends and Market Analysis of Titanium 
Products 


By R. L. Vroome, Electro Metallurgical Co. 
Panel Discussion on Current and New Uses of 
Titanium in Missiles, Aircraft, and Aircraft Power 
Plants 

By W. H. Sharp, Pratt and Whitney Aircraft 

Division of United Aircraft Corp., A Hurlich, 

Convair Astronautics, and L. J. Hull, Ryan 

Aeronautics Co 


9:00 A.M. Statler-Hilton (Jointly with ASM) 


Engineering and Technological Development in Induction Heating Processes 


Engineering and Economic Elements in the Choice 
of Induction Heating Equipment 


By C. F. Olmstead, Lee Wilson Engineering 
Co. 

Vacuum as a Furnace Atmosphere 
By L. W. Johnson, General Electric Co. 


Austempering, Martempering and 
Heat Treating in Basic Industry 


By A. F. Holden, A. F. Holden Co. 
Improvements in Induction Heating 

By W. E. Benninghoff, Tocco Div., Ohio 

Crankshaft Co. 


Isothermal 


9:00 A.M. Manger Hotel 


Tuesday 


Noon 


Session on Evaluation of Welds 


Ultrasonic Inspection of Welds 
By John E. Bobbin, Sperry Products, Inc. 
Inspection of Ship Welds by Radio-Isotopes 
By Daniel Polansky, EL. Criscuolo and 
D. P. Case, U. S$. Naval Ordnance Laboratory 
Testing in a Small Manufacturing Plant 
By A. G. Barkow, Marquette University, and 
S. J. Boehringer, Boehringer Engineering Prod- 
ucts, Ine. 


Radiographic Inspection of 
Wheels for Jet Starters 

By A. R. Potenski, Bendix Aviation Corp. 
Weld Evaluation by 
Liquid Penetrants 

By Paul Maertz, A. O. Smith Corp. 
Radiogtaphy of Welds in Highway Bridges 

By J. L. Beaton and Paul G. Jonas, California 

Div. of Highways 


Welded Turbine 


Magnetic Particles and 


12:00 M. Statler-Hilton 


Annual Awards Luncheon 
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Tuesday Afternoon, 
October 28, 1958 


2:00 P.M. Statler Hilton 


The Mechanism of the Allotropic Transformation 
in High-Purity Iron 
By E. Eichen and J. W. Spretnak, Ohio State 
University 
Mechanical Properties of Deformed Metastable 
Austenitic Ultra-High-Strength Steel 
By D. J. Schmatz and V. F. Zackay, Ford 
Motor Co. 


Magnetic Analysis of Phase Changes Produced 
in Tempering a High-Carbon Steel 
By M. Mentser, U. S. Bureau of Mines 


Second Session on Steel 


Austenite Transformation and Incubation in an 
Alloy Steel of Eutectoid Carbon Content 
By R. A. Grange, P. T. Kilhefner, Jr.. and 
T. P. Bittner, United States Steel Corp. 
A Simplified Procedure for Calculating Peak 
Position in X-Ray Residual Stress Measurements 
on Hardened Steel 
By D. P. Koistinen and R. E. Marburger, 
General Motors Corp 


2:00 P.M. Hotel Cleveland 


Hot Quenching 
By William Hiatt, International Harvestor Co. 


Second Panel Conference on Quenching of Steels 


Basis of Selection of Quenching Media 
By R. H. Lauderdale, Northern Ordnance, In 
Automatic Quenching Equipment 
By OE. Cullen, Surface Combustion Corp 


2:00 P.M. Carter Hotel 


Slip in Aluminum-Silver Single Crystals 
By A. Kelly, A. Lassila, and §. Sato, North- 
western University 
Experimental Observations of Some Dislocation 
Sources 
By J. J. Gilman, General Electric Co. 
Photographic Evidence of Frank-Read Dislocation 
Sources in Zinc 
By V. Damiano and M. Herman, Franklin 
Institute 
Flow Stress of Iron and its Dependence on Im- 
purities 
By G. C. Schoeck, Westinghouse Electric 
Corp., and A Seeger, Max Plank Institut fur 
Metallforschung, (Germany ) 


Second Session on Deformation 


Dislocation Behavior During Initial Creep of 
Silver 
By M.S. Abrahams and N. S. Machlin, Colum 
bia University 


Effect of Changes in Slip Direction on the Creep 
of Magnesium Crystals 
By Hans Conrad, Westinghouse Electric Corp 
Activation Energies for Creep of Single Alumi- 
num Crystals Favorably Oriented for Cubic Slip 
By Y. A. Rocher, L. A. Shepard and J. E. Dorn, 
University of California 
Factors Affecting Ductility and Strength of NaCl 
Single Crystals Tested in Flexure 
By C. A. Stearns, A. E. Pack and R. A. Lad, 
National Advisory Committee for Aeronautics 


2:00 P.M. Carter Hotel 


Graphical Representation of Heterogeneous Ter- 
nary Equilibria 

By J. H. Downing, Electro Metallurgical Co. 
Heterogeneous Equilibria in Multi-Component 
Systems 

By L. S. Darken, United States Steel Corp. 
Recent Studies of Geological Materials at High 
Pressures and Temperatures 
By J. F. Schairer, Carnegie Institute of Wash- 
ington 


Session on Applications of Phase 


Rule in Extractive Metallurgy 


Representation and Interpretation of Phase Equi- 
libria in Oxide Systems Involving Changes in Oxi- 
dation States 

By A. Muan, Pennsylvania State University 
Approximate Ternary Phase Diagram Silicon- 
Oxygen-Carbon 

By W. A. Krivsky, Electro Metallurgical Co. 
(Quaternary Systems 

By R. Schuhmann, Jr., Purdue University 
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x 2:00 P.M. Carter Hotel 
I 


Second Session on Steelmaking in the Soviet Union 


Rolling Mills Vacuum Techniques 
By F. S. Eckhardt, Bethlehem Steel Co. By A. M. Aksoy, Crucible Steel Co. of America 
‘Direction of Steelmaking Research and Develop- Alloy Steels 
ment By Gunther Mohling, Allegheny Ludlum Steel 
By J. F. Elliott, Massachusetts Institute of Corp. 


lechnology 


\ 
I x M 2:00 P.M. Carter Hotel 


Second Meeting on Titanium Metal 


Panel Discussion on the Sheet Rolling Program Panel Discussion on New Alloys of Titanium 
By C. W. Alesch, Convair; T. H. Gray, Boeing By Harold Margolin, New York University; 
Airplane Co.; and W. W. Wood, Chance S. A. Herres, Titanium Metals Corp. of Amer- 
Vought Aircraft, Inc. ica; W. L. Finlay, Crucible Steel Co. of 


America and T. E. Perry, Republic Steel Corp.; 
Summary by R. I. Jaffee, Battelle Memorial 
Institute 


Sheet Rolling Program, Phases I and II 
By NE. Promisel, U. S. Navy Bureau of 
Acronautics 
Sheet Rolling Program, Phase III 
By George Sachs, University of Syracus« 


‘\ 
9. 
(SNT 2:00 P.M. Manger Hotel 


Session on Radiography 


New Techniques for Non-Photographic Observa- Continuous Display of High-Energy X-Ray 
tion Images 
By H. E. Haynes, Radio Corp. of America By John S. Pruitt, National Bureau of Stand- 


Device for Intensifying the Fluoroscopic Image ards 


By E. L. Criscuolo and C. Dyer, U. S. Naval Comparison of 1 MEV Resotron and Van de 
Ordnance Laboratory Graaff Units 

By D. E. Elliott, Los Alamos Scientific Labora- 
tory and C. M. Knowles, Oak Ridge National 
Laboratory 


An Electronic, High-Resolution, X-Ray Image 
By J. W. Allen and R. W. McClung, Oak 
Ridge National Laboratory 


Status Report on lonography 
By R. A. Youshaw and J. A. Holloway, VU. S. 
Naval Ordnance Laboratory 


Tuesday 
Evening 


6:30 P.M. Carter Hotel 


A.L.M.E. Cocktail Party and Dinner 


OCTOBER 1955 


I 
| () 


Wednesday Morning, 
October 29, 1958 


AS 
W 


9:00 A.M. Statler-Hilton 


A.S.M. Annual Meeting and Campbell Memorial Lecture 


a > 9:00 A.M. Hotel Cleveland 


First Panel Conference on Modern Machining Methods 


New Cutting Tool Materials 
By R. T. Hook, ‘The Warner & Swasey Co. 


Constant Speed Machining 
By M. C. Shaw, Massachusetts Institute of 
Technology 


Quick Change, Pre-Set Tooling 
By Anthony S. Rogers, Wesson Co. 


9:00 A.M. Carter Hotel 


Session on Oxidation Protection and Fabrication of Refractory Metals 


Nucleation and Growth of Chromium on Molyb- 
denum in Liquid Metal Solutions 
By J. Wulff and S. T. Wlodek, Massachusetts 


Orientation of Large Grains in Annealed Tung- 
sten Wire 
By A. J. Opinsky and J. L. Drehotsky, Sylvania 


Institute of Technology Electric Products, Ine. 

A Metallic Coatings for Molybdenum Arc Melting, Fabrication, and Annealing of Tanta- 

re By G. D. Oxx, General Electric Co. lum to Produce Foil 

" Arc Melting and Fabrication of Tungsten S aera = A. Cocca and R. C. Leech, 
ee By 5. J. Noesen, J. R. Hughes, C. L. Kolbe, veneral Electric Uo. 
oe and R. C. Leech, General Electric Co. 
(we 

9:00 A.M. Carter Hotel 

EY 


Session on Ceramic Base Elements 


Fabrication of Ceramic Fuel Elements by Swaging Fuel Components of Stainless Steel and Uranium 
By VY. KR. Stenquist and R. J. Aniwetti, General Dioxide for the Army Package Power Reactor 
a Electric Co. By J. E. Cunningham and R. J. Beaver, Oak 
Ridge National Laborat 
Pressure Bonding of Zircaloy-Clad, Flat-Plate 
Fuel Elements of Uranium Dioxide Preparation of Zirconium-Base Dispersion Fuels 
By S J. Paprocki, E. S$. Hodge and By A. P. Beard and R. H. Honeyman, General 
D. C. Carmichael, Battelle Memorial Institute Electric Co. 
Fabrication of Aluminum-Clad Plate-Type Ele- Fuel Elements of Uranium and Zirconium Hydride 
eis ments Containing UO, as the Fuel for Triga Reactors 
pis By B. Megeff and J. L. Zambrow, Sylvania- By W. P. Wallace, M. T. Simnad and 
Corning Nuclear Corp. B. Turovlin, General Atomics Div. of General 
Dynamics Corp. 
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9:00 A.M. Carter Hotel 


Session on High-Purity Metals 


Growth of Molybdenum, Tungsten and Colum- 
bium Crystals by Floating-Zone Melting in 
Vacuum 

By E. 


Inc. 


Buehler, Bell Telephone Laboratories, 


Determination of the Limiting Segregation of 
Gallium in Zone-Refined Germanium 


By L. W. Commonwealth of Australia 


Zone Melting of Magnesium 
By A. S. Yue, Dow Chemical Co. 


9:00 A.M. Carter Hotel 


Session on Precipitation and Segregation 


Acoustical Study of G P. Zone Formation After 

Reversion in 80-20 Al-Ag Alloy 
By Herbert Herman and M. E. Fine, North- 
western University 

Critical Particle Size for Precipitation Hardening 
By J D. Livingston, General Electric Co. 


Precipitation of Silicon From a Supersaturated 
Solid Solution in Aluminum 


By Hl. S. Rosenbaum, General Electric Co. 
Correlation Between Sub-Boundaries and Impuri- 
ties in Super-Purity Aluminum 

By D. Altenpohl, Aluminum Foils, Inc. 


9:00 A.M. Manger Hotel 


Session on Measurement and Evaluation 


Industrial Applications of Radio-Isotopes 
By Stelios Regas, Radiation Counter Labora- 
tories, Inc 

Advances in Gaging With Radio-Isotopes 
By Oscar M. Bizzell, U. S. Atomic Energy 

Commission 


Evaluation of Nondestructive Tests on Cermet 
Turbine Blades 


By A. G. Holms and A. J. Repko, Lewis Flight 


Propulsion Laboratory 


Wednesday 


Noon 


Radiographic Inspection of Inaccessible Internal 
Dimensions 
By Harlan Howard, Dalmo Victor Co. 
Early Detection of Fatigue in Aluminum Alloys 
by Ultrasonics 
By Karl Sittell, The Franklin Institute 
Fatigue Properties of Ultrasonically Tested Plates 
and Forgings (Aluminum Alloy) 
By J. L. Waisman. Tatnall Measuring Systems, 
L. L. Soffa, Northrup Aircraft, Inc., P. W. 
Kloeris and C. S. Yen, Douglas Aircraft Co. 


University Alumni Luncheons 


OCTOBER 1958 


A, 
LAM 
\ 
x M 
I 
17 


Wednesday Afternoon, 
October 29, 1958 


2:00 P.M. Statler-Hilton 


AS 
W 


Session on Brittle Fracture 


ip 


Cleavage Step Formation in Brittle Fracture Prop- 


agation 
By J. M. Berry, General Electric Research 
Laboratory 


Effect of Grain Size and Carbon Content on Yield 
Delay of Mild Steel 
By J. M. Krafft and A. M. Sullivan, U.S. Naval 
Research Laboratory 


Some Low-Temperature Observations on 1020 


Steel 
By F. S. Deronja and M. Gensamer, Columbia 
University 


Low-Temperature Embrittlement of Austenitic 


Cr-Mn-N-Fe Alloys 
By F. W. Schaller, Case Institute of Tech 
nology and V. F. Zackay, Ford Motor Co 
Scientific Laboratory 

The Transition Temperature in a Notched-Bar 

Impact Test 
By J. A. Hendrickson, California Research 
Corp., D. 8. Wood and D. §. Clark, Cali 
fornia Institute of Technology 


2:00 P.M. Hotel Cleveland 


a Trends in High-Speed Equipment 
i By M. S. Curtis, The Warner & Swasey Co. 


Chipless Machining 


By R. D. Halverstadt and R. Cogan, Aircraft 

Gas Turbine Div., General Electric Co. 
Machining High-Strength Materials 

By Roger W. Runyan, Menasco Mfg. Co. 


Second Panel Conference on Modern Machining Methods 


2:00 P.M. Hotel Cleveland 


In Aircraft and Missiles 


By Mrs. Rebecca H. Sparling, Pomona Div., 


Convair 


In the Petroleum Refining Industry 


By N. J. Rees and R. W. Manuel, Socony 


Mobil Oil Co., Inc. 


78 


Panel Conference on Production of High-Quality Castings 


By the Railroads 
By W. R. Elsey, Pennsylvania Railroad Co. 


In Machine Tools 
By Herbert Whitney, Kearney & Trecker Corp. 
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2:00 P.M. Statler-Hilton 


Session on Uranium 


Transformation Kinetics of Beta Plutonium 
By R. D. Nelson, Hanford Atomic Products 
Operation 
Transformation Characteristics of Dilute Ternary 
Alloys of Uranium 
By D. J. Murphy, University of Arizona 
The Mechanical Properties and Heat Treatment 
Response of Zirconium-Uranium Alloys 
By W. Chubb and F. A. Rough, Battelle 
Memorial Institute 


Preparation of Uranium and Uranium Alloy Pow- 
der Metal Compacts 
By Herbert S. Kalish, Sylvania-Corning Nuclear 
Corp 
Properties of Cast and Heated 2% Molybdenum- 
Uranium 
By E. G. Zukas, Los Alamos Scientific Labora- 
tory 


2:00 P.M. Carter Hotel 


Session on Nuclear Fuels and Jacketing 


Silicon-Modified Uranium-Aluminum Alloys for 
Foreign Reactors 
By W. C. Thurber and R J. Beaver, Oak 
Ridge National Laboratory 
Fabrication of Fuel Rods of U-Mo Mixture, Clad 
With Zircaloy-2 
By J. G. Goodwin, R. W. Tombaugh, 
E. L. Richards and F. R. Lorenz, Westinghouse 
Electric Corp. 
Manufacture of EBR-I Mark III Fuel and Blanket 
Elements 
By R. A. Noland, N. J. Carson, C. C. Stone, 
R. E. Macherey and F. D. McCraig, Argonne 
National Laboratory 


Fabrication of Iron-Aluminum-Chromium Fuel 
Plates 
By F. G. Tate, J. Neri and Blake King, The 
Martin Co 
Bonding of Aluminum With Elemental Silicon 
By R. A. Noland and D. E. Walker, Argonne 
National Laboratory 
Alternate Bonding Techniques for Fuel Element 
Components 
By F. L. Orrell and H. R. Hoge, Westinghouse 


Electric Corp. 

Fuel Element Closures 
By J. E. Minor and S. H. Bush, General Electric 
Co. 


2:00 P.M. Carter Hotel 


Session on Columbium and Its Alloys 


Oxidation of a Columbium-Zirconium Alloy 
By G. M. Gordon, R. Speiser and 
J. W. Spretnak, Ohio State University 
Some Physical and Mechanical Properties of Co- 
lumbium and Its Alloys 


By R. T. Begley and L. L. France, Westing- 


house Electric Corp. 


Some Effects of Alloying on the Strength of 
Columbium at Elevated Temperatures 


By G. D. Gemmell, E. 1. du Pont de Nemours 


& Co., Ine. 


Properties of Some Columbium Alloys 
By R. G. Frank, General Electric Co. 


Properties of the Ternary Columbium Alloy With 
10% Ti and 10% Mo. 
By A. H. Grobe, Thompson Products, Inc. and 
H. B. Hix, E. 1. du Pont de Nemours & Co., 
Inc 
Hot Hardness of Some Columbium Alloys 
By A. L. Eiss, L Sama and H. P. Kling, 
Sylvania-Corning Nuclear Corp 
Mechanical Properties and Oxidation Resistance 
of Columbium Alloys 
By F. R. Schwartzberg, D. N. Williams 
and R. I. Jaffee, Battelle Memorial Institute 


A 
E 


2:00 P.M. Carter Hotel 


OCTOBER 


Symposium on Electrical and Magnetic Metals 


Magnetic Methods in Metallurgy 
By Anthony Arrott, Ford Motor Co. 
Physical Metallurgy of Magnetic Materials 
By J. J. Becker, General Electric Co. 


Applications of Magnetic Materials 
By M. F. Littmann, Armco Steel Corp. 


The Heusler Alloys 
By F. A. Hames, Queens University (Ontario) 


Wednesday afternoon continued on next page 
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2:00 P.M. 


Carter Hotel 


Correlation of Transformation Behavior With 
Mechanical Properties of Several Titanium-Base 
Alloys 
By A. J. Griest, J. R. Doig and P. D. Frost, 
Battelle Memorial Institute 


Lattice Stability of Titanium and Zirconium 
By Larry Kaufman, Manufacturing Labora- 
tories, Inc. 


Relation Between Beta Grain Size and Ductility 

of High-Strength Alpha-Beta Titanium Alloys 
By A. J. Griest, A. P. Young and P. D. Frost, 
Battelle Memorial Institute 


Effects of Aluminum on Morphology and Kinetics 
of Alpha Formation in a 90-10 Ti-Mo Alloy 
By H. 1. Aaronson, Ford Motor Co., 
W. B. Triplett, Carnegie Institute of Tech- 
nology, and G. M. Andes, E. 1. du Pont de 
Nemours & Co., Ine. 


Session on Transformations 


Effects of Composition on Transformation in Ti- 
tanium-Chromium Alloys 


By H. I. Aaronson, Ford Motor Co., 

W. B. Triplett, Carnegie Institute of Tech- 
nology, and G. M. Andes, E. 1. du Pont de 
Nemours & Co., Inc. 

The Alpha-to-Beta Transformation in Zircaloy-2 
By Josef Intrater, Materials Research Corp. 
Orientation of Single Martensite Plates in Aus- 

tenite 
By Henry M. Otte, Research Institute fer 
Advanced Study 
Order-Disorder Transformations in Iron-Alumi- 
num Alloys 
By H. J. McQueen and G. C. Kucaynski, 
University of Notre Dame 
Measurement of Grain Contiguity in Two-Phase 
Alloys 
By J. Gurland, Brown University 


2:00 P.M. Manger Hotel 


Lester Honor Lecture 


Annual Meeting and Honor Lecture 


By John A. Barclay, Brig. Gen., U.S.A., Red- 


stone Arsenal 


2:00 P.M. Hotel Cleveland 


Joint Session with & on 


Engineering Aspects of Powder Metallurgy Structural Components 


Introduction 
By Kempton H. Roll, Metal Powder Indus- 
tries Federation 

Tolerances 
By Robert Burgess, Burgess-Norton Mfg. Co. 

Properties 

By Harold Harrison, Presmet Corp. 


Design 
By Peter Schneider, International Business 
Machines Corp. 

Summation 
By George A. Roberts, Vanadium-Alloys Steel 
Co. 


7:30 P.M. Manger Hotel 


Banquet and Awards 


Presentation of Kahn, deForest, Coolidge and 


duPont Awards 


Flight Safety and Reliability 
By Joseph D. Caldara, Maj. Gen., U.S.A.F., 


Norton Air Force Base 
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Thursday Morning, 
October 30, 1958 


9:00 A.M. Statler-Hilton 


First Session on Titanium 


The Application of Rate Process Theory to the 
Heat Treatment of Titanium Alloys 

By N. M. Erkun, Crucible Steel Co. of America 
The Effects of Microstructure and Heat Treatment 
on the Hydrogen Embrittlement of Alpha-Beta 
Titanium Alloys 

By D. N. Williams, F. R. Schwartzberg 

and R. 1. Jaffee Battelle Memorial Institute 
The Effect of Composition on the Hydrogen Em- 
britlement of Alpha-Beta Titanium Alloys 

By R 1. Jaffee and D. N. Williams, Battelle 

Memorial Institute 


Hydrogen Embrittlement and Delayed Failure in 
Titanium Alloys 
By R. D. Daniels. University of Oklahoma, 
and R. J. Quigg and A. R. Troiano, Case Insti- 
tute of Technology 
The Corrosion, Pyrophoricity, and Stress Corro- 
sion Cracking of Titanium Alloys in Fuming 
Nitric Acid 
By John B. Rittenhouse, California Institute 
of Technology 


9:00 A.M. Statler-Hilton 


Session on Creep 


The Activation Energies for Creep of Polycrystal- 
line Copper and Nickel 
By P. R. Landon, J. L. Lytton, L. A. Shepard 
and J. E. Dorn, University of California 
A Procedure for Application of Time-Tempera- 
ture Parameters to Accelerated Creep-Rupture 
Testing 
By S. S. Manson, G. Succop 
and W. F. Brown Jr., Lewis Flight Propulsion 
Laboratory 


Effect of Strain Rate and Temperature on the 
Compressive Flow Stresses of Three Titanium 
Alloys 
By A. J. Griest, A. M. Sabroff and P. D. Frost, 
Battelle Memorial Institute 
Temperature and Rate Dependence of Strain 
Hardening in the Aluminum Alloy 2024-O 
By D. S. Fields, Jr., Aluminum Co. of America, 
and W. A. Backofen, Massachusetts Institute 
of Technology 


9:00 A.M. Hotel Cleveland 


OCTOBER 


Panel Discussion on Materials for High Pressure 


Special Materials Problems in 
Applications 


By Donald S. Nulk, Thompson Products, Inc. 


High-Pressure 


1958 


Ultra-High-Strength Pressure Vessels in the 
Missiles Field 


By Walter S. Tenner, Aerojet-General Corp. 
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Thursday Morning, 
October 30, 1958 


AS 
W 


9:00 A.M. Hotel Cleveland 


Panel Discussion on High-Velocity (Explosive) Forming 


High-Energy-Rate Forming by Machine 

By J. B. Ottestad, Convair, San Diego 
Explosive Forming Under Water 

By E. W. Fedderson, Convair, Fort Worth 


Explosive Forming by Direct Application 
By A. H. Petersen, Lockheed Aircraft Corp 


9:00 A.M. Carter Hotel 


Symposium on Interstitials 


Dislocations in Molybdenum 
By R. D. Forrest and D. W. Bainbridge, Colo- 
rado School of Mines 
Effect of Variations in Carbon and Oxygen Con- 
tents on the Properties of Wrought Molybdenum- 
Titanium Alloys 
By M. Semchyshen and R. Q. Barr, Climax 
Molybdenum Co. 
Strengthening by Carbide Dispersion in Molyb- 
denum Alloys 
By W. H. Chang, General Electric Co. 


Effect of Deoxidation and Denitrification on the 
Low-Temperature Properties of Chrominum 
By H. L. Levingston and N. J. Grant, Massa 
chusetts Institute of Technology 
Influence of Interstitial Content and Processing 
Variables on Columbium 
By A. L. Mincher and W. F 
Metallurgical Co. 
High-Temperature Tensile Properties of Molyb- 
denum and Tungsten 
By R. W. Hall and P. | 


Propulsion Laboratories 


Shee ly, Ele« tro 


Sikora, Lewis Flight 


9:00 A.M. Carter Hotel 


Session on 


Layer Growth During Interdiffusion in the 
Aluminum-Nickel System 
By L. S. Castleman and L. L. Seigle, Sylvania 
Electric Products Inc. 
Relaxation of Atoms Surrounding a Vacancy in 
Cubic Metals 
By L. A. Girifalco and V. G. Weizer, National 


Advisory Committee for Aeronautics 

Effect of Static Strains on Solid-State Diffusion 
By L. A. Girifaleo and H. H. Grimes, National 
Advisory Committee for Aeronautics 

Effect of Plastic Flow on Self-Diffusion in Silver 
By A. F. Forestieri and L. A. Girifalco, National 
Advisory Committee for Acronautics 

Self-Diffusion in Tin Single Crystals 
By J. D. Meakin and Eric Klokholm, The 
Franklin Institute 


Diffusion 
Alloy 


Interstitial Stress Relaxation in Ternary 
Systems 
By D. Gupta, University of Hlinois 


and Sheldon Weinig, Materials Research ¢ orp 
Short Circuit Diffusion 

By G. T. Murray, Materials Research Corp 

and E. S. Machlin, Columbia University 
Formation of Surface Pits by the Condensation 
of Vacancies 

By P. E 


University 


Doherty and R. S. Davis, Harvard 


Ordering Internal Friction in Iron-Aluminum Al 
loys Induced by Stress 


By J. C. Shyne, Ford Motor Co., 
and M. J. Sinnott, University of Michigan 


9:00 A.M. Carter Hotel 


Symposium on Powder Metallurgy 


High-Purity Tantalum 
By R. F. Rolsten, E. 
& Co. 

Oxidation Resistance and Fabricability of Molyb- 

denum-Nickel Dispersion Alloys 
By E. S. Bartlett, D. N. Williams 
and R. I. Jaffee, Battelle Memorial Institute 

Effect of Sintering Treatment on Electropotential 

and Strength of Carbonyl Iron 
By Bennett Bovarnick, Watertown Arsenal 


I. du Pont de Nemours 


Some Properties and Metallography of Steel- 
Bonded Titanium Carbide 
By Martin Epner and Eric Gregory, Sintercast 
Corp. of America 
Highlights of the Third Plansee Seminar in 
Reutte, Tyrol 
By Werner Leszynski, Schwartzkopf Develop- 
ment Corp. 
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9:00 A.M. Carter Hotel 


OOO 


Cause of Cleavage Fractures in Ductile Materials 


By J. Washburn, A. E. Gorum and E. R. Parker, 
University of California 
Deformation 
Sliding 
By Hans Brunner and N. J. Grant, Massa- 
chusetts Institute of Technology 


Resulting From Grain Boundary 


Grain-Boundary Sliding in Aluminum and Alumi- 
num-Magnesium Alloys From 410 to 940° F. 
By Hans Brunner and N. J. Grant, Massa- 
chusetts Institute of Technelogy 
Stress Analysis of the Bausch-Type Shear Test 
By W. L. Phillips, Jr, Dana Young 
and W. D. Robertson, Yale University 


Session on Deformation and Fracture 


Evaluation of the AgCl-Al,O, System for 
Strengthening of Solids by Fine Particles 
By T. L. Johnston, R. J. Stokes and C. I. Li, 
Minneapolis-Honeywell Regulator Co. 


Effect of Liquid Metal Environments on the 
Fracture Strength of Solid Copper 
By D. A. Kraai, D. V. Ragone and E. F 
University of Michigan 


Hue ke, 


Temperature Dependence of the Tensile Proper- 
ties of Face-Centered Cubic Metals 
By R. P. Carreker, Jr., General Electric Co 


Initiation of Tensile Fracture in Ductile Metals 
By H. C. Rogers, General Electric Co. 


9:30 A.M. Hotel Cleveland 


Limiting Distortion of High-Strength Steels With 
Simple Tempering Fixtures 

By Fred Heinzelman, Jr., Fred Heinzelman & 
Sons 


Heat Treatment in a Vacuum 
By R. C. Gross, Kinetics Corp 


Joint Session with @ on Heat Treating 


Expected Variation in Hardenability of A.LS.1. 
4142 Steel 
By Charles F. Lewis, Cook Heat Treating Co 
of Texas 
Mysterious Failures in Heat Treating (and Their 
Solution) 


By Horace C. Knerr, Metab Co 


9:00 A.M. Manger Hotel 


Magnetic Particle Inspection of Steel Tubing 
By Robert G. Strother, Magnatlux Corp. 


Radiographic Evaluation of Stainless, Inconel and 
Titanium Tubing 


By Jack A. Kramer, NTH Products, Inc. 


Inspection of Welded Aluminum Tubing With 
Eddy Currents 


By D. FE. Kunkle, Aluminum Co. of America 


Session on Tubing and Pipe 


Some Uses for a Precision Magnetic-Field Meter 
By R. A. Betz, Westinghouse Electric Corp 


Radiographic Inspection of Thin-Wall 
Diameter Tubing 
By G. M. Tolson and A. Taboada, Oak Ridge 


National Laboratory 


Small- 


9:30 A.M. National Advisory 


Committee for Aeronautics 


Research on 
Reactors 


Research 
Aircraft 


Session on Aircraft 


Materials 


on Materials 


for Aircraft Nuclear 


for Power Plants for 


10:00 A.M. 


Wade Park Manor 


OCTOBER 1958 


Lecturer: 


Seminar on Residual Stresses I — Definition and Origin 


R. Weck, Cambridge University (England) 


Commentators: 


H. R. Neifert, Timken Roller Bearing Co. 


and J. A. Halgren, International Harvester Co. 
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Thursday Afternoon, 
October 30, 1958 


AS 


1:30 P.M. Wade Park Manor 


Seminar on Residual Stresses. 


Lecturer: 


Il — Measurement of Residual Stresses 


R. Weck, Cambridge University (England) 


Commentators: 


E. S. Rowland, Timken Roller Bearing Co., 
Ray L. Mattson, General Motors Technical 
Center, and George A. Butz, Aluminum Co. of 


America 


2:00 P.M. Statler-Hilton 


Second Session on Titanium 


The Effect of Heat Treatment on the Elevated 
Temperature Stress Stability of Titanium Alloys 
By M. L. Greenlee, G. A. Lenning, 
W. M. Parris and H. D. Kessler, Titanium 
Metals Corp. of America 
The Effect of Stress on the Eutectoid Decomposi- 
tion of Titanium-Chromium Alloys 
By A. W. Goldenstein, A. G. Metcalife 
and W. Rostoker, Armour Research Founda- 
tion 


Microstructure and Mechanical Properties of 
Ti-Cu-Al and Ti-Cu-Al-Sn Alloys 
By R. F. Bunshah and H. Margolin, New York 
University 
The Influence of Forging Temperature in Me- 
chanical Properties of Al-V-Ti Alloys 
By L. S. Croan and F. J. Rizzitano, Watertown 
Arsenal Laboratories 
A Contribution to the Hardenability Problem in 


Titanium Allovs 
By R. P. Elliott and W. Rostoker, Armour Re- 


search Foundation 
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2:00 P.M. Hotel Cleveland 


The Metallurgist Looks at Nonmetallic Materials 


Plastics 

By K. F. Charter, A. O. Smith Corp. 
Ceramics 

By Representative of Ceramics for Industry 
Cermets 

By Malcolm Judkins, Firth Sterling, Inc. 


2:00 P.M. Manger Hotel 


Session on Steel and Heavy Metals 


Causes of Ultrasonic Attenuation in 1013 Steel 


Atomic Energy Commission's Licensing Require- 
By Rohn Truell, Brown University 


ments for Use of Isotopes 
Ultrasonic Testing Procedures By James W. Hitch, U 
By Jack D. Morgan, Allegheny Ludlum Steel Commission 
Corp 


. S. Atomic Energy 


Beam Deflector for Ultrasonic Inspection of 
Correlation of Ultrasonic Indications and Proper- Bronze Castings 


ties of High-Streneth Steels By N. J. Socoloski, Curtiss-Wright Propeller 
By Charles F. Raatz, Jr., Boeing Airplane Co. Div 


Economics of Ultrasonic Testing 


By Howard McFaul and Cleo Webb, Douglas 
Aircraft Co. 


Thursday 
Evening 


{ 
\| | 6:00 P.M. Cleveland Engineering and Scientific: Center 


Banquet With Cleveland Chapter, S.L.A. 


al 3 7:30 P.M.  Statler-Hilton 


A.S.M. Annual Banquet 


| 
i | | 
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Friday Morning, 
October 31, 1958 


9:00 A.M. Manger Hotel 


Session on Standards for Nondestructive Testing 
The Percent Ring Method for Eddy-Current Ac- 
ceptance Standards 
By Hamilton Migel, Magnaflux Corp. 


Recent Applicati f Eddy Currents for I . 
Standards for Electromagnetic Testing Steel Tub- ee Field 
ing in Production 


A Cn By Vernon Wiegand and Wm. Bodenstein, 
Radiographic Standards for Aluminum and Mag- t 
nesium Castings Standard Samples and Procedures for Electromag- 
By B. R. Swarts, Convair Div. of General netic Testing of Tubing 
Dynamics By Henry E. Babb, Metrol In« 


Ultrasonic Attenuation in Various Alloy Steels 
By Charles J. Adams, Rocketdyne Inc. 


9:30 A.M. Public Auditorium 


Panel on Metals Meet the Competition 
By Grant Clark, Reynolds Metals Co., A. B. 
McKee, Aluminum Co. of America, F. A. 
Loebach, Kaiser Aluminum & Chemical Sales, 
Inc., J. D. Briggs, Bethlehem Steel Co., Inc. 


10:30 A.M. Wade Park Manor 


Seminar on Residual Stresses 


I1l—Influence of Residual Stress on 
Deformation, Static Strength and Dimensional Stability 


Lecturer: 
R. Weck, Cambridge University (England) 
Commentators: 


H. J. Noble, Pratt & Whitney Aircraft 
E. 8S. Rowland, Timken Roller Bearing Co 


Friday Afternoon, 
October 31, 1958 


AS 
W 


12:00 M. Public Auditorium, Ballroom 


Distinguished Service Luncheon 


For 25-Year € Members and 
Invited Students 
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WH 2:00 P.M. Wade Park Manor 


Seminar on Residual Stresses 
1V—Influence of Residual Stress on 
Fatigue Strength and Stress-Corrosion Cracking 


Lecturer: 


R. Weck, Cambridge University (England ) 


Commentators: 


Ray L. Mattson, General Motors Technical 
Center 

Julius Heuschkel, Westinghouse Research 
Laboratories 

Leo P. Tarasov, Norton Co 


SNt) 2:00 P.M. Manger Hotel 


Session on Ultrasonics 


Implications of Ultrasonic Attenuation A Portable Device for Inspection of Plate and 
By J. K. White, R. W. McClung and J. W. Small Forgings ere 
Allen, Oak Ridge National Laboratory By C. W. Cline and S. G. Von Stocker, 


Aluminum Co. of America 


Typical Inclusions and Their Ultrasonic Responses ; ah, 
By G. J. Binezewski, Kaiser Aluminum & Inspection of Rocket Motors Using Solid Pro- 
pellants 
By Murry E. Liebman, Aerojet-General Corp. 
Immersed Ultrasonic Testing Using Contoured 
and Focused Transducers 
By R. C. McMaster, Automation Instruments, 
Ir 


Chemical Corp. 


An Ultrasonic Monitor 
By F. C. Panian, Aluminum Co. of America 


Friday 
Evening 


6:00 P.M. Public Auditorium 


40th Annual Metal Exposition Closes 


AS 
W 


8:00 P.M. Wade Park Manor 


AS 
W 


Seminar on Residual Stresses 
V—Relation Between Residual Stresses and Brittle Fracture 


Lecturer: 


R. Weck, Cambridge University (England) 


Commentators: 
Julius Heuschkel, Westinghouse Research 
Laboratories 
W. M. Baldwin, Case Institute of Technology 


OCTOBER 1958 
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10:30 A.M. Wade Park Manor 


Seminar on Residual Stresses 
VI — Relation Between Residual Stresses and Brittle Weldments 


Lecturer: 


R. Weck, Cambridge University (England) 


Commentators: 


LaMotte Grover, Air Reduction Co. 
W. M. Baldwin, Case Institute of Technology 


2:00 P.M. Wade Park Manor 


Seminar on Residual Stresses 
VII — Methods for Stress Relieving 


Lecturer: 


R. Weck, Cambridge University (England) 


Commentators: 


Louis J. Larson, Allis-Chalmers Mfg. Co. 
George A. Butz, Aluminum Co. of America 


Closure: 


J. O, Almen, Consulting Engineer, Honorary 
Chairman of the Seminar 


General Note 
on the Seminar 


The Seminar on Residual Stresses, Thursday, 
Friday and Saturday of Convention Week, is the 
second such enterprise of the American Society 
for Metals. (The first was held 18 months ago 
in Los Angeles and considered the Fabrication of 
Titanium ). 

The Seminar on Residual Stresses will consist 
of seven lectures by Prof. R. Weck, University 
Lecturer in Engineering at Cambridge Uni- 
versity, England. They are adapted from a 
slightly longer course given in Cambridge and 
in several European countries during the last few 
years. The lecturer is also director of research 
for the British Welding Research Assoc. and is 
chairman of the International Institute of Weld- 
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ing’s Commission on Residual Stresses. 

A special feature of each meeting will be that 
Dr. Weck will lecture for an hour, and then two 
American engineers, expert in that particular 
branch of the subject, will occupy the platform 
and discuss the matter with the lecturer or with 
the audience. 

After the last lecture the honorary chairman of 
the Seminar, J. O. Almen, noted for his work in 
the industrial application of shot peening of 
springs and other highly stressed parts to increase 
their service life, will present a general review. 

All meetings are to be held at Wade Park 
Manor. Advance registration is necessary, since 
the hotel's capacity is limited. 
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Acetogen Gas Co. 
Acetogen gas process for cut- 
ting and scarfing; heating and 
welding tips. 


Acheson Colloids Co. 
Dispersions of solid lubricants 
and liquid. 


Acme Mfg. Co. 
Semi and automatic polishing, 
buffing, deburring and micro 
finishing machinery. 


Acoustica Associates, Inc. 


Aeronautical Service- 
Engineering 
Shot peening of metallic parts. 


Acronautical Shot-Peening 
Service, Ine. 
Shot peening of metallic parts. 


Ajax Electric Co. 
Salt bath furnace equipment; 
electrically heated industrial 
furnaces. 


Ajax Electrothermic Corp. 
High-frequency induction fur- 
naces 


Ajax Engineering Corp. 
Low-frequency, induction fur- 
naces for melting. 


Aleo Products, Ine. 
Forgings made of ALCO Hi- 
Qua-Led steel, and demonstra- 
tion of their machinability. 


Aldridge Industrial Oils, Ine. 
“Quenzine” quenching oil; 
“Beacon” heat treating sup- 
plies; lubricants for metal 
working 


Exhibitor Listing 


Allison-Campbell Division, 
American Chain & Cable 
Co., Ine. 

Abrasive cutting wheels; wet 
and dry abrasive cutting ma- 
chines. 


Alloy Engineering & 
Casting Co. 
Heat resistant and corrosion 
resistant castings. 


1933 


Aluminum Division of Olin 
Mathieson Chemical Corp. 1824 


American Brake Shoe Co., 
Electro-Alloys Div. 215 


American Cast Iron Pipe Co. 2201 
Centrifugal castings. 


American Chain & Cable 
Co., Ine. 1235, 1933 
See Allison-Campbell Div. and 
Wilson Mechanical Instrument 
Div. 


American Cystoscope 
Makers, Inc. 209 
Borescopes, miniature lamps 
and optical flats. 


American Gas Association 
1924, 1930, 1933, 2023, 2027, 
2033 
Industrial gas furnaces, ovens 
and burners 


American Gas Furnace Co. 2027 
Automatic heat treating equip- 
ment. 


American Machine & 
Foundry Co. 
See DeWalt Div 


OCTOBER 1958 


American Machine and 
Metals, Inc. 
See Riehle Testing Machines 
Div. 


American Machinist 
McGraw-Hill publication. 


American Mat a ~ 
Mats—rubber, plastic, wood, 

American Metal Market Co. 
Publiiher of American Metal 
Market and Metal Statistics. 


American Metal Repair Assoc. 
Industrial welding and brazing. 


American Optical Co., 
Instrument Div. 
Metallographic and other opti- 
cal scientific equipment used 
in the metal industry. 


American Platinum & 
Silver Div. 
See Engelhard Industries, Inc. 


American Pullmax Co., Inc. 2561 
Universal shearing and form- 
ing machines. 


American Silver Co., Inc. 920 
Very thin, close-tolerance metal 
strip; silver brazing alloys; 
thermostat bimetals. 


American Society for Metals 
Magazines, books, and educa- 
tional courses for the metals 
industry. 


Areair Co. 
Torches and electrodes for 
gouging, cutting and metal re- 
moval. 


Areweld Mfg. Co. 
High-temperature, testing and 
creep testing equipment. 


Associated Spring Corp. 
Precision springs and _ wire 
forms; small stampings; cold 
rolled specialty steels. 


Automotive Industries 
Magazine 


See Chilton Publications. 


Babcock & Wilcox Co., 
Tubular Products Div. 312 
Seamless tubing and extrusions 
in carbon and stainless steels. 


Baj Tool Co. 2567 
Keys and key-way broaches. 


Baker Platinum Div. of 
Engelhard Industries, Inc. 2547 
Electrical contact materials, 
precious metal parts and clad- 
ding. Nitroneal generator. 


2721 
231 
1241 
| 
1608 
2547 
+ 
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Baldwin-Lima-Hamilton Corp. 
“Servomatic” tensile machine, 
fatigue tester, creep machine 
and impact machine. 

Bal-Tate Furnace Co. 

Gas-fired glass-bath for heat- 
ing extrusion billets. 

Balteau Electric Corp. 

Portable industrial X-ray units. 

Barber-Colman Co., 

Wheelco Instruments Div. 


Recorders and controllers with 
combustion safeguards. 


Barer Engineering & Mach. 


Co., Ltd. 
Lathes, drill presses, shapers 
and grinders. 


Barry Controls Inc. 

Noise dampeners; leveling 
mounts for metal working 
machinery. 


Bath E., Cyril 
Radial draw forming; sheet 
metal parts formed in tita- 
nium, stainless, hastelloy, alu- 
minum and all heat resistant 
alloys. 


Battelle Memorial Inst. 1012, 
Industrial research; Cobalt 
Information Center; American 
representative of Tin Research 
Institute, Inc. 


Bausch & Lomb Optical Co. 
Metallographic equipment; 
optical instruments. 


Beckett-Harcum Co. 
See Pneu-Hydraulics, Inc. 


Bedford Gear & Machine 
Products, Inc. 
Precision gears and_ spline 
shafts, automatic drill heads, 
chuck jaws, gages. 


Beryllium Corp. 
Beryllium-copper alloys; com- 
mercially pure beryllium; 
chemical compounds. 


Binks Mfg. Co. 
Paint spraying equipment; 
water cooling towers. 

Bix Co. 


Articulated heat treating fix- 
tures and baskets. 


Black & Decker Mfg. Co. 
Portable electric tools; drills, 
grinders, hand tools. 


Blakeslee & Co., G. S. 
Metal cleaning equipment; 
ultrasonic cleaners. 


Branson Instruments, Inc.; 
Branson Ultrasonic 
Ultrasonic generators, testing 
equipment, thickness gages, 
cleaning equipment. 


Brinkmann Instraments, Inc. 
Dilatometers, balances, micro- 
scopes, metallographs, thermo- 
stats. 


British Industries Corp. 
Die casting machines; Shaw 
process for precision casting; 
investment “X” casting process. 


Brown & Sharpe Mfg. Co. 


90 


942 


1718 


1033 


2044 


2316 


2632 


402 


1016 


2557 


2508 


1204 


910 


1501 


536 


1120 


1110 


2746 


2522 


2434 


Brush Beryllium Co. 
Beryllium metal and fabricated 
shapes; Be-Cu castings, strip, 
master alloy; beryllium oxide 
refractories. 


Buck Mfg. Co. 
Electromagnetic clamping 
equipment; drill presses. 


Budd Co., Nuclear Systems 
Div. 2108, 
Gamma radiation sources for 
industrial radiography. See 
also Tatnall Measuring Sys- 
tems Co. 


Buehler Ltd. 
Equipment for preperation of 
metallographic specimens; 
microscopes; metallographs. 


Burgess & Associates, Inc. 


“Vibron” pneumatic vibrators 
and bulk material feeders 


Cc 


C. 1. T. Corp. 
Instalment finance service 


Cadillac Stamp Co. 


Cady, P. L. 
Cady double apron brakes 


Cam-Lok Div., Empire 
Products, Inc. 
Welding accessories; 
connectors, terminal lugs, 
electrode holders. 


cable 


Camman Mfg. Co. 


Center for Documentation and 
Communication Research, 
Western Reserve University 

Abstracting and indexing; ma- 
chine literature searching sys- 
tems. 


Centrifugally Cast 
Products Div. 
See Shenango Furnace Co 


Challenge Machinery Co. 
Toolroom equipment, floor 
plates and layout tables. 


Chapman Valve Mfg. Co. 


Chilton Publications 
Publishers of Iron Age, Auto- 
motive Industries, Aircraft and 
Missile Mfg., and other busi- 
ness magazines. 


Cincinnati Sub Zero Products 
Chilling machines; low-tem- 
perature testing equipment. 


Cleveland Instrument Co. 
Diamond gages (electronic) ; 
automatic gaging equipment, 
machine- and numerical-con- 
trol equipment. 


Clino Are and Vacuum Furnaces 
See British Industries Corp. 


Cobalt Information Center 
Educational exhibit on uses 
of cobalt metal, alloys and 
chemicals. 


Collins Microflat Co. 
Black granite surface plates. 


530 


2673 


2134 


431 


2766 


1615 


1528 
2568 


1039 


1737 


2330 


1730 


405 
1402 


2864 


1137 


2522 


1012 


532 


z 


Columbus Automatic 
Lubrication Co. 
Equipment for lubricating dies 
for press, upset and hammer 
forging, for die casting and for 
glass molding. 


2876 


Consolidated Electrodynamics 
Corp. 2841 
Furnaces, gages and other 
high-vacuum equipment 


Cooper Metallurgical Associates 1212 
Boron and its products; borides 


Curtiss-Wright Corp. 1840 
Ultrasonic equipment; heat 
testing; extrusions, forgings 

and castings. 


Cushman & Denison Mfg. 


Co., Ine. 2719 
“Flo-Master” felt tip pens; 
marking inks. 

DCMT Die Casting Machines 2522 
See British Industries Corp 
Dake Corp. 2749 


Arbor and hydraulic presses; 
guided platen presses 


Daystrom, Inc. 1240 
See Weston Electrical Instru- 
ment Corp. 


Dayton Perforators, Inc. 2765 
Standard and special piercing 
punches and insert dies 

Despatch Oven Co. 2848 


Industrial furnaces. 


Detrex Chemical 
Industries, Inc. 1907 
Equipment and supplies for 
degreasing, sonic cleaning, 
alkali and emulsion cleaning, 
phosphate coating. 
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Detroit Testing Machine Co. 
Hardness, tensile and ductility 
testers. 


DeWalt Division, American 
Machine & Foundry Co. 
Aluminum cutting machine, 
with power cross feed and 
automatic mist generator. 


Diamond Saw Works, Inc. 
Hand and power hack saw 
blades, metal-cutting band saw 
blades. 


Disston Div. of H. K. Porter 
Co., Ine. 
Industrial metal-cutting saws, 
hack saws and blades, band 
saws, electric hand saws. 


Dochler-Jarvis Div. of 
National Lead Co. 
Die castings 


Dow Chemical Co. 
Magnesium products; cleaning 
solvents 


Driver Co., Wilbur B. 
Precision alloys for electronic, 


electrical, chemical and me- 
chanical applications. 
Drop Forging Assoc. 

Drop forgings for superior 
service 


Dry Clime Lamp Corp. 
Infra-red ovens and dryers 


du Pont de Nemours 
Co., Ine., E. I. 
Industrial rivets; degreasing 
compounds 


Easco Products Div. of 
Electro Are Sales Co. 


Eastman Kodak Co. 
“X-omat” automatic film proc- 
essor; optical gages, in-plant 
photographic equipment 


Electric Furnace Co. 
Industrial furnaces, 
phere generators and 
iaries. 


atmos- 
auxil- 


Electro-Alloys Div. of American 
Brake Shoe Co. 
Heat resistant alloy castings, 
shell mold casting and mold, 
retort 


Electro Are Sales Co. 
Arc metal disintegrators, elec- 
trical discharge machines, port- 
able nibblers, etcher & de- 
magnetizer. 


Electro Metallurgical Co. (Div. 
of Union Carbide Corp.) 
Titanium, chromium, manga- 
nese and ferro-alloys. 


Elgin Metalformers Corp. 
Modular cabinets for electronic 
instruments. 


Elox Corp. of Michigan 
Electrical discharge equipment 
for die sinking and piercing 

holes in hard metals. 
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2423 


2530 


2234 


2618 


2024 


1029 


306 


1812 


2329 


522 


930 
1509 


1047 


215 


930 


Empire Products, Ine. 1039 


See Cam-Lok Div. 


Enamelstrip Corp. (Div. of 
National Steel Corp.) 
Precoated steel in coils. 


Engelhard Industries, Inc. 
Minoxo indicator, Dual Puri- 
dryer, Nitroneal generator, 
fused quartz and silicaware. 


2112 


2547 


Exomet, Ine. 2515 
Exothermic products, custom- 
made alloys, gas detector, in- 


sulation. 


Fawick Airflex Div. of 
Fawick Corp. 2526 
Airflex and magnetic clutches 
(in operation). 


Fenn Mfg. Co. 
Combination two-high, 
high rolling mills. 


1609 
four- 


Fenway Machine Co., Inc. 1741 
Nibblers and portable electric 
and pneumatic metal-cutting 
tools. 

Ferrotherm Co. 505 

Brazed aircraft components; 


“Pin-Fin” heat exchangers. 
2671 


Fisher Scientific Co. 
“Serfass” analyzer for deter- 


mining gases in metals. 


Foamalum Corp. 2718 
Porous aluminum castings. 


2817 


Forest City Foundries Co. 
Grey iron castings. 


Fulton Foundry & Machine 
‘o., Ine. 
Meehanite castings. 


G 


Gas Service, Inc. 
Gas fired heating equipment. 


2753 


1934 


General Alloys Co. 351 
Alloy castings 
tions; furnace 


treating fixtures. 


and fabrica- 
parts; heat 


General Fireproofing Co. 2240 
Metal drafting tables and office 


furniture. 


General Ultrasonics Co. 
Ultrasonic cleaning equipment. 


Gray Co., Ine. 2512 
Paint spraying equipment; 
pumps for mastics. 


Gries Industries, Inc. 
Testing machines. 


Gries Reproducer Corp. 
Die cast and molded parts, 
metal and plastic fasteners, 
electronic hardware. 


Grob, Ine. 
Band saws. 


915 


550 


1631 


Grotnes Machine Works, Inc. 
Hydraulic expander. 


Galf Oil 
Oils and lubricants for the 
metal industry; quenching oils. 


Gulton Industries, Inc. 
Ultrasonic equipment. 


H. P. L. Mfg. Co. 
Metal stamping (small lots). 


Hacker & Co., Inc., William J. 
Metallographic equipment. 


Hammond Machinery Builders, 


Inc. 
Grinding and polishing ma- 
chinery. 


Harper Electric Furnace Corp. 
Industrial electric furnaces. 


Harris Refrigeration Co. 
Low-temperature industrial 
chilling equipment. 


Harshaw Scientific Div. of 
Harshaw Chemical Co. 


Hayes, Inc., C. I. 
Heat treating furnaces, gas 
burners, atmosphere generators. 


Haynes Stellite Co., Div. of 
Union Carbide Corp. 
Heat and corrosion resistant 
metals, sheet, shapes, castings; 
hard facing materials. 


Heil Process Equipment Corp. 
Tanks, heating units, ventila- 
tors for corrosive solutions. 


Heli-Coil Corp. 
Screw-thread inserts; screw- 
lock inserts; thread repair kits. 


Herculock Limited 
See American Metal 
ASSO. 


Herscott Co. 
See Instrument Engineering 
and Combustion Co. 


Hevi-Duty Electric Co. 
Furnaces for heat processing. 


Repair 


High Vacuum Equipment Corp. 
Laboratory vacuum furnaces, 
gage controls, diffusion pumps 


Hitchiner Mfg. Co., Ine. 
Precision investment castings. 


Hones, Inc., Charles A. 
Industrial gas burners. 


Honolulu Oil Corp. 
See Industrial Research Labo- 
ratories. 


Houdaille Industries, Inc. 
See Wales-Strippit Co. 


Houghton & Co., E. F. 
Compounds for cutting, form- 
ing and surface treatment of 
metals. 


Howard Foundry Co. 

Aircraft quality castings; cast- 
ings for all manufacturing in- 
dustries. 


2414 
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2871 


1829 


1912 


1250 


1211 


1747 


1017 
1726 


1622 


2821 


1506 


1240 


2521 


1145 
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Illinois Testing Laboratories, 
Ine. 
Temperature, air velocity and 
dew point measuring and con- 
trol instruments. 


Index Industrial Corp. 
Machine tools. 


Induction Heating Corp. 
Heating and special handling 
equipment. 


Industrial Heating 
Monthly magazine. 


Industrial Heating Equipment 
Co. 
Industrial furnaces for metal 
treatment. 


Industrial Press 
Publishers of technical books 
and magazines. 


Industrial Publishing Co. 
Publisher of Industry and 
Welding, Precision Metal Mold- 
ing, Welding Illustrated. 


Industrial Research Laboratories, 
Div. of Honolulu Oil Corp. 
“Xaloy” bimetallic cylinders 
for wear and corrosion resist- 
ance; special alloys. 


Industrial Welding & 

Brazing Co. 

See American 
Assoc. 

Industry & Welding 


Trade publication: 
Directory.” 


Metal Repair 


“Welding 


Instron Engineering Corp. 
Tensile testing machines. 


Instrument Engineering & 
Combustion Co. 


International Nickel Co. 
Nickel and its alloys; 
iron; plated items; 
products. 


ductile 
welding 


International Research & 
Development Corp. 
“IRD Systems” balancing 
equipment and vibration 
analyzers. 


Ionic Electrostatic Corp. 
See Scientific Electric, Inc. 


Ipsen Idustries, Inc. 

Fast carburizing; industrial 
heat treating furnaces and 
atmosphere generators; dew- 
point controls. 


Iron Age 
Weekly news-magazine for the 
metal industries. 


aS 


James Products Co. 
Drill sleeves and taper chuck 
cleaners. 


Jarrell-Ash Co. 
Spectrometers 
graphs. 


and = spectro- 


2206 


1203 


2667 


1035 


1729 


2572 


2769 


Jiffy Disintegrators, Inc. 


Metal disintegrating machines. 


Jones & Laughlin Steel Corp. 
Precision cold-rolled strip and 
other steel mill products. 


K 


Kanthal Corp. 
Resistors and resistance alloys 
for high-temperature furnaces. 


Kawecki Chemical Co. 


Kemp Mfg. Co., C. M. 
Industrial gas combustion 
equipment, atmosphere gener- 
ators. 


King Tester Corp. 
Portable Brinell hardness test- 
ers, adapters and King Brinell 
microscopes. 

Kinney Mfg. Div. of N.Y. 

Air Brake Co. 

Vacuum furnaces, metal evap- 
orators, high-vacuum equip- 
ment. 


Knight Models, Ine. 
Scale models and plant layouts. 
Kolene Corp. 


“Kolene” products and proc- 
essed parts. 


L 


L and C, Ine. 
See Porter Precision Products 


L & L Mfg. Co. 
Electric kilns, 
furnaces. 


heat treating 


Laboratory Equipment Corp. 
Analytical equipment for car- 
bon, sulphur, phosphorus 


Lake Chemical Co. 
See Markal Co. 


2663 


20647 


2666 


2716 


1015 


1020 


Lakeside Steel Improvement 
Co. 305 
Model of forging plant; heat 
treated forgings. 


Leeds & Northrup Co. 2324 
Electronic recording and con- 
trol devices; complete control 


systems; electric furnaces. 


Leitz, Ine., E. 1326 


Microscopes and accessories. 


Lepel High Frequency 
Laboratories 
High-frequency induction heat- 
ing equipment; atmosphere 
brazing equipment. 


2211 


Lewis Machine Co. 1527 
Wire straightening and cutting 


machines. 


Lindberg Engineering Co. 331 
Industrial heating and 


treating equipment 


heat 


Los Angeles Dept. of 
Water & Power 
Industrial Los Angeles 


Lufkin Rule Co. 
Measuring tapes and rules; 
precision tools and indicators 
Lynchburg Foundry Co. 
Gray iron and ductile 
castings made 
or shell molds. 


2622 


454 
1104 


iron 
in green sand 


M.B.1. Export & Import, Ltd. 


“DIXI-60" and “DIXI-75” jig 
borers; small metal working 
tools and accessories. 


2144 


Machine Tool Manufacturers 
Affiliates, Ine. 2616 
Universal punch and shear; 
universal abrasive cutting-off 
machine. 
Magnaflux Corp. 1216 
Nondestructive testing systems. 
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Magnetic Analysis Corp. 1136 
Muiti-method and special equip- 
ment for matnetic anal,sis; 


comparators; demagnetizers 


Maintenance Engineering 
Corp. 

See American 

Assoc 

Makepiece Div., D. FE. 

See Enge!hard Industries, Inc 


Malayan Tin Bureau 460 
Information on Straits tin; tin 
plate and other uses of tin 


Metal Repair 


Man-Au-Cycle Corp. of America 1621 
See S&S Machinery Co 

Markal Co. 1020 
Paint sticks, fluxes, protective 
coatings 

Martindale Electric Co. 201 
Rotary burs, files and saws; 
etching equipment; portable 
blowers; dust masks 

McGraw-Hill Publishing Co. 2140 


Publisher of American Machinist 
and other engineering and 


industrial magazines; books 

Mead Specialties Co. 2509 
Air cylinders, air valves and 
other pneumatic devices 

Merit Products, Ine. 2430 
Flap-type coated sheet polish- 
ing drum: 

Metal Forming & Fabricating 2867 
Publications by Watson Pub- 
lications, Inc 

Metal Locking Service 1738 
See American Metal Repair 
Assoc 

Metal Powder Assoc. 421 


See Metal Powder Industries 
Federation 


Metal Powder Industries 

Federation 421 
Powder metals and products 
made by powder metallurgy 


Metal Progress 2032 
Monthly engineering publica- 


tion for the metals industry 
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Metal Removal Co. 
All-purpose abrasive. 


Metals Engineering Institute 
Lesson courses (home study 
courses) on various aspects of 
the metals industry. 


Metals Review 
Monthly news-magazine; in- 
cludes “Review of Metal Liter- 
ature.” 
Metalweld, Ine. 
See American 
Assoc 


Metal Repair 


Mettler Machine Tool Ine. 
Automa'ic wire straightening 
and cutting machine; wire 
reels; thread rolling machine. 


Micrometrical Mfg. Co. 
Electronic instruments for 
measuring roughness, waviness 
and lay. 


Mine Safety Appliances Co. 
Atmosphere analyzers and 
combustion controllers. 


Minneapolis-Honeywell 
Regulator Co. 
Industrial instruments and 
controls. 


Missouri Division of Resources 
& Development 

Advantages of Mirsouri as a 

location for modern industry. 


Moine Engineering Co. 
See American Metal 
Assoc 


Repair 


Monarch Tools, Inc. 
See Rankin Bros. Engineering 
& Sales, Inc 


NRC Equipment Corp. 
High-vacuum furnaces, coat- 
ers, components. 


Narda Ultrasonics Corp. 
Cleaning, processing and ma- 
chining equipment. 


National Carbon Co., Subsidiary 
of Union Carbide Corp. 
Electrodes; carbon blocks; 

carbon products. 


National Electric Instrument 
Div. 
See Engelhard Industries, Inc. 


National Forge Co. 
Large steel forgings 


National Lead Co. 
Die castings; titanium alloys 
and castings. 
National Malleable & Steel 
Castings Co. 
“HTM” (pearlitic malleable), 
steel and malleable castings. 


National Research Corp. 
See NRC Equipment Corp. 


National-Standard Co. 
Industrial wire cloth; flat 
spring steels; wire. 
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2032 


1738 


2750 
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1229 


1622 


1520 


1723 
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National Steel Corp., 
(Weirton Steel Div.) 


Newage Industries, Inc. 
Microhardness tester, portable 
hardness tester, clear plastic 
reinforced hose, power filing 
machine, metal etching pen. 


New Hermes Engraving Machine 


Corp. 
Electro-etching equipment and 
Pantograph engraving ma- 
chines. 


New Rochelle Tool Co. 
See Ycder Co. 


New York Air Brake Co. 
See Kinney Mfg. Div. 


Nordson Corp. 
Airless spray painting equip- 
ment. 


North American-Viking Drill Co. 
High-speed, straight-shank, 
twist drills. 


Nuclear Systems Div., Budd Co. 
Radiography machines and 
radiation facility. 


Nylon Molded Products Corp. 


Oakite Products, Inc. 
Materials and equinment for 
cleaning and finishing metals, 
for machining and for grind- 
ing. 


Ohio Crankshaft Co. 
Induction heating 
treating equipment 
matic). 


and heat 
(auto- 


Olin Mathieson Chemical Corp., 
Aluminum Div. 
Aluminum products 


Olsen Testing Machine 
Co., Tinius 
Tensile testing machines and 
auxiliaries 


O'’Neil-lrwin Mfg. Co. 
Precision metal working ma- 
chines, both hand operated 
and power driven. 


P 


Park Chemical Co. 
Heat treating supplies; cutting 
and grinding compounds, rust 
preventatives. 


Patterson Machine Co., 
George C. 
Wire straightening and cut-off 
machines. 


Penton Publishing Co. 
Publishers of technical books 
and business magazines; Steel, 
Foundry. 


Peterson Machine Tool, Inc. 
Equipment for inspection with 
magnetic particles. 
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Philips Electronics, Inc. 1009 
Radiographs and spectrographs; 
X-ray diffraction units, acces- 
sories. 


Phillips Mfg. Co. 1427 
Metal cleaning equipment. 

PIC Design Corp. 2852 
Precision tools, gears, shafts. 

Picker X-Ray Corp. 1421 
Industrial X-ray equipment. 

Pneu-Hydraulics, Inc. 2508 


Tapping machines; quick- 
coupling swivel and rotary 
joints; air and hydraulic valves. 


Portage Double Quick, Inc. 2145 
Quick-change tools; cut-off, 
milling and boring tools; lay- 
out tables; comparators. 


Porter Co., Inec., H. K. 2618 
See Disston Div. 


Porter Precision Products 2666 
Head-type punches; die but- 
tons; “Bal-Lok” punches and 
retainers. 


Precision Shapes, Inc. 517 
Continuously milled products. 


Prutton Cor 


1916 
Thread rolling machinery. 


Pyrometer Instrument Co., Inc. 1043 
Surface, radiation, immersion 
and indicating pyrometers. 


Ramco Equipment Corp. 2456 
See Randall Mfg. Co., Inc. 
Randall Mfg. Co.. Ine. 2456 


Degreasers, phosphating wash- 
ers, detergent tanks. 


Rankin Bros. Engineering & 

Sales, Ine. 2332 
Coated abrasive grinding ma- 
chines; precision inspection 
equipment. 


Ransburg Electro-Coating Corp. 1707 
Novel electro-coating equip- 
ment. 


Rapid Electric Co. 2540 
Power _ rectifiers (selenium, 
germanium, silicon). 


Raymond Corp. 2728 
Electric trucks and other ma- 
terial handling machinery. 


Renite Co. 1720 
Lubrication engineers. 
Richards Co., J. A. 2560 


Die making equipment; bend- 
ers; cutters. 


Riehle Testing Machines Div. of 
American Machine & Metals, 
Inc. 
Universal testing machines; 
fatigue creep-rupture 
testing machines. 


Rotherm Engineering Co., Inc. 2702 
Revolving and expansion joints. 


Royall Casting Repair Service 1738 
See American Metal Repair 
Assoc. 
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Ryerson & Son, Inc., Joseph T. 411 
Cut-to-order carbon and stain- 
less steel (and aluminum) 
sheet and strip. 


S 


S & S Machinery Co. 1621 
Lathes and other machine tools. 


Scientific Electric, Inc. 2502 
Electric induction and dielec- 
tric heaters; ionic-electrostatic 
spray equipment. 


Scott Paper Co. 1330 
Paper wipers, towels, tissues 
for industry. 


Scottish Tool, Die & Metal 
Products Co. 2715 
Metal working dies. 


Sealol Corp. 2508 
See Pneu-Hydraulics, Inc 


Selas Corp. of America 1924 
Gas burners and heat treating 
furnaces. 


Sentry Co. 936 
“Diamond Block" atmosphere 
control; toolsteel heat treating 
furnaces; laboratory tube fur- 
naces. 


Service Diamond Tool Co. 1735 
Diamond-penetrator hardness 
testing machines and acces- 
sories 


Shaw Process Precision Casting 


Div. 2522 
See British Industries Corp. 
Sheldon Machine Co., Ine. 1245 


Variable speed drive lathe with 
automatic speed selector. 


Shell Oil Co. 2616 
Cutting and quenching oils 


Shenango Furnace Co., 
Centrifugally Cast Products 


Div. 2230 
Centrifugal castings. 


Sieburg Industries, Inc. 2701 
“Tonsilkut” high-speed con- 
toured milling machine. 


Simplicity Engineering Co. 2650 
Parts washing and condition- 
ing machines; conveyers, feed- 
ers. 


Skil Corp. 2312 
Portable electric power tools, 
abrasives, and accessories. 


Snap-Tite, Ine. 2508 
See Pneu-Hydraulics, Inc. 

Socony Mobil Oil Co., Ine. 2216 
Lubrication engineering service. 

Sonoflux Div. 2734 
See Peterson Machine Tool, Inc. 

South Chester Corp. 2102 
Specialty fasteners. 

Southco Div. 2102 
See South Chester Corp. 

Southern Extrusions, Inc. 1806 


Aluminum extrusions of vari- 
ous shapes. 


Special Libraries Assoc., Metals 
Division 
Library services, documenta- 
tion systems and classification. 
Spee-Flo Mfg. Corp. 2656 
Hot spray heater; paint pumps; 
airless spray equipment 


Spencer Turbine Co. 2033 
Turbo compressors; pneumatic 
conveying machines, industrial 
vacuum cleaners 


Stanat Mfg. Co., Ine. 2333 
Rolling mill; slitting and level- 
ling machinery 


Standard Oil Co. (Ohio) 935 
Industrial lubricants 


Star Expansion, Ine. 2850 
Fasteners 
Starrett Co., L. 25416 


Mechanics’ measuring tools; 
precision instruments; hole 
saws, hack saws, band saws; 
band knives; ground toolsteel 
flats. 


Steel 1519 
Weekly magazine of news and 
industry 


Steel City Testing Machines, Inc. 442 
Machines for making mechani- 
cal and ~physical tests on 
metals and alloys 


Stimpson Co., Inc., Edwin B. 311 
Rivets; stampings; screw ma- 
chine parts 

Stocker & Yale, Ine. 2860 


Optical inspection and localized 
lighting devices 


Stokes Corp., F. J. 919 
Equipment for melting and 
heat treating in high vacuum. 


Struers Chemiske 


Laboratorium, H. 1912 
Metallographic laboratory 
equipment 


Sunbeam Corp. (Industrial 
Furnace Div.) 2123 
Gas carburizing and atmos- 
phere quenching equipment; 
heat treating furnace: 


Superior Tube Co. 2529 
Small-diameter metal tubing; 
drawn shapes _ (clad) for 
atomic reactor cores 


Supreme Products Corp. 2617 
Chucks and other attachments 
for power drills 


Surface Combustion Corp. 321 
Heat treating furnaces and 
accessories 

Sutton Engineering Co. 2751 


Swaging machine, straight- 
eners, extrusion presses, and 
processing machines 


Swedish Crucible Steel Co. 506 
Electric steel and alloy castings. 


T 


Tatnall Measuring Systems Co. 2134 
Universal testing machine, 
creep machine, strain gages, 
direct stress machine. 
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Tempil Corp. 
remperature-indicating 
terials. 


Tensilkut Div. 
See Sieburg Industries 


Texas Co. 1602 
Cutting and drawing com- 
pounds; industrial lubricants. 


thomas Publishing Co. 2819 
Publisher of Jndustrial Equip- 
ment News and Thomas Regis- 
ter of American Manufacturers 


Tickle Engineering Works Inc., 
Arthur 914 
Alumicoat” and “Alumibond” 
processes 


limken Roller Bearing Co. 1051 
Seamless tubing; alloy steel 
bars; graphitic toolsteels; re- 
movable rock bits; tapered 
roller bearings 


Tin Research Institute, Inc. 1016 
Information about tin and its 
applications 


Titanium Alloy Mfg. Div. 2024 
See National Lead Cc 


Tocco Div. 2116 
See Ohio Crankshaft Co 


Torrington Mfg. Co. 1834 
Spring coiling machines; spring 
testers. 


Torsion Balance Co. 1724 
Analytical and industrial bal- 
ances, hardness testers and 
accessories 


Tubular Rivet and Stad Co. 2655 
Rivets, automatic riveters, 
riveted assemblies; “Perma- 
nuts”; electrical contacts. 


Turco Products, Inc. 
Industrial chemicals; “Chem- 
milling” compounds; phos- 
phate coatings; aluminum 
conversion coatings 


U 


nion Carbide Corp. 1622 
See Electro Metallurgical Co. 
Haynes Stellite Co.; National 
Carbon Co 


nited Scientific Co. 1038 
See Unitron Instrument Div 


. S. Automatic Corp. 1219 
See Nordson Corp 


', S. Electrical Motors, Inc. 1929 
Motors, gearmotors, variable 
speed drives. 


Inited Wire & Supply Corp. 1142 
Tubes and wire of copper, 
aluminum, brass; brazing alloys. 


nitron Instrument Div., United 
Scientific Co. 

Microscopes, metallographs, 

optical instruments 


Universal Castings Corp. 
Nonferrous castings 
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Vanadium Corp. of America 
Ferroalloys, commercially pure 
metals; chemicals. 


Vanco, Ine. 


Vanguard Engineering Co. 
Portable cranes and elevators; 
materials handling equipment; 
universal power propulsion 
unit. 


Vibron Div. 
See Burgess & Assoc., Inc 


WwW 


Wales-Strippit Co. 
Sheet metal fabricating and 
duplicating equipment 


Watson Publications, Inc. 
See Metal Forming & Fabri- 
cating 


Waukee Engineering Co. 
Flow meters, gas-air-mixers; 
industrial washing machines 


Weirton Steel Div. of National 
Steel Corp. 
Wells Mfg. Corp. 
Horizontal band sawing ma- 
chines 


West Instrument Corp. 
Temperature indicators, con- 
trollers, recorders and aukxil- 
iaries. 


Westinghouse Electric Corp. i711 
Furnaces; motors; controllers; 
gearing; special alloys. 


Weston Electrical Instrument 
Corp. 206 
Temperature recorders and 
controllers; electrical meas- 
uring instruments 


Wheelabrator Corp. 2761 
Wet blast cleaning and metal 
finishing equipment 


Wheeleco Instruments Div. of 
Barber-Colman Co. 2044 
Automatic temperaturue con- 
trol systems. 


Wilson Mechanical Instrument 
Div. American Chain & 
Cable Co., Ine. 1235 
Hardness _ testers conven- 
tional and fully automatic. 


Wyandotte Chemicals Corp. 2609 
Chemicals for metal finishing 


Yoder Co. 770 
High-frequency tube welding 
equipment 


Zagar, Ine. 2573 
Drill heads; printed circuit 
drilling machine, collets and 
collet fixtures. 


Zeiss, Inc., Carl 1214 
Scientific optical instruments. 
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Special Metal ‘Month Feature 


ii 


Preview of Space Metals 


Paralleling the requirement for new materials for aircraft, 

missiles and satellites is the need to develop improved capabilities in the 
common metal systems. Here’s a report on where we stand 

and future prospects in... Aluminum ... Magnesium . . . Steels . . . 
Titanium . . . Beryllium . . . Superalloys . . . Refractory Metals . . . Ceramics 
and Cermets . . . Graphite . . . Composite Materials . . . 


Sandwich Construction . . 


We nave ENTERED the space age. With it 
have come new methods of propulsion, new fuels 
and, most significant, new environments. These 
rapid advances in aircraft, missile systems, satel- 
lites and long-range plans for space flights have 
required a reappraisal of materials, fabricating 
methods, and design criteria. Ideally, we need 
a metal with high melting point, excellent 
strength and ductility, but with near zero den- 
sity. Such an element might be called “Unob- 
tainium”; it does not exist. 

In a more serious vein, we find that we will 
have to rely to a great extent on classes of mate- 
rials already developed to solve our current 
problems. We must improve their metallurgical 
properties and fabricating characteristics as 
rapidly as possible and design with them until 
new and radical materials can be discovered 
and developed. 

Many of the exact requirements of materials 
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. Surface Treatment and Coatings . . . (124, 17-57) 


are not clearly defined because we are still learn- 
ing about environmental conditions under which 
they must operate. At any rate, high strength- 
to-density ratio and good long and short-time 
elevated-temperature properties are at the top 
of the list of requirements. Cryogenic proper- 
ties are important and optimum weldability, 
brazability, and formability are needed because 
the selection of a material oftentimes must be 
governed by the ability to fabricate it. 


The editors acknowledge the generous assistance 
of many people at the Materials Laboratory, Wright 
Air ewdieiinend Center, Air Research and Devel- 
opment Command, Wright-Patterson Air Force Base, 
Ohio, who cooperated in interviews and supplied 
material which helped greatly to make this article 
possible. Special credit is due Col. R. A. Jones, staff 
officer for materials research and development pro- 
grams, USAF, L. D. Richardson, in charge of re- 
search and technical development branch, and R. R. 
Kennedy, supervisor of metals branch. 
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Fig. 1 


Reasons 


An Engineer Studies Problems of the X-15, Shown Shrouded for 
The experimental research craft is expected to fly in 1959 


designed to carry man to altitudes above 100 miles at speeds over 3600 miles per hr. 
At mach 4 (272 


Security 
The plane is 


0 miles per hr. above 35,000 ft.) skin temperatures reach about 1000° F 


| 
j 
| 
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Aluminum 


and Magnesium 


Alloys of these metals have inherent proper- 
ties which have made them useful in the past 
and which will make them useful in critical 
applications in the future. The most important 
of these is their low density. The penalties of 
weight are greatly multiplied when trying to 
break through the earth's atmosphere. The 
problems posed by elevated-temperature en- 
vironments are the most serious. 

One source of this environment is aerodynamic 
heating resulting from high speed in the dense 
atmosphere surrounding the earth. This is a 
problem encountered by vehicles leaving and 
re-entering the atmosphere and by high mach 
aircraft now under design which remain in the 
atmosphere. Figure 2 shows typical tempera- 
tures which may be reached by high-speed air- 
frames. The equilibrium skin temperatures go 
up with increasing speed because of friction en- 
countered as the structure moves through the 
air. As altitude increases, and, therefore, the 
density of the atmosphere decreases, the skin 
temperature also decreases until a minimum is 
reached. For example, a supersonic aircraft 
traveling 1600 miles per hr. at 50,000 ft. has a 
skin temperature of about 400°F. This is a 
good indication of materials problems in present 
aircraft. The leading edge temperature of a 
vehicle returning into the atmosphere at a speed 
of 18,000 miles per hr. — the orbiting velocity — 
would be many times higher. 

Problems and Possibilities — Since aluminum 
melts at 1220°F. and magnesium at 1202° F., 
their use in many future applications is out of 
the question. Some of the higher strength alumi- 
num and magnesium alloys get their maximum 
properties through heat treatment; reheating 
would cause a severe loss of strength. Even so, 
there are some encouraging points. The ex- 
treme temperature and loading conditions en- 
countered in the leading edge and nose cone 
will probably not exist throughout the entire 
structure. Designs with cooling and insulation 
will undoubtedly be developed so that aluminum 
and magnesium alloys with superior elevated- 
temperature properties will be useful. 

One proposed construction of this type (called 
the “double-wall” system) uses an aluminum air- 
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Radome 


Crew Flight at 3 times the speed 
520° F. of sound at 50 thousand ft. 
1500° F. Flight at 7 times the speed 
Electrical of sound at 100 thousand ft. 
Equipment 
510° F 
650° F. 1200° F 
2800° F. 


Fig. 2— Typical Operating Temperatures of 
Airframes. The equilibrium skin tempera 
tures go up with increasing speed because 
of friction encountered as the structure moves 
through the air. (Prepared by L. D. Rich 
ardson, Wright Air Development Center 


frame to which very small pipes have been 
added to carry a water coolant. As the water 
circulates, the heat absorbed produces steam 
which is expelled overboard. Around this struc 
ture, a layer of low-density fibrous insulation is 
placed to reduce significantly the heat entering 
the cooling system and also to reduce the cool- 
ant weight to a reasonable value. A light shell 
of temperature resistant metal is used to form 
the smooth contour. This shell is divided into 
small panels mounted so they can expand freely 
with temperature changes. No attempt is made 
to carry primary structural loads on the shell. 
With this system the primary load carrying 
structure stays at about 200° F., fixed by the 
boiling point of water, and there are no prob 
lems because of creep or thermal stresses. An 
other alternative is also possible. A thin, protec- 
tive sheet of high-temperature metal which is 
separated from the load-carrying aluminum o1 
magnesium structure by an insulating layer may 
permit an over-all design which is practical and 
lighter in weight. 

Best Alloys — Figure 4 shows the strength-to 
weight ratios for the best aluminum and magne- 
sium alloys for several temperature ranges. 
Alloy X 2020 T-6 is a new alloy containing copper 
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Fig. 3— The Exploration of the Immensity of Space Will Call for Vehicles 
and Propulsion Systems With Characteristics Believed Unattainable a Short 
Time Ago. The materials which make up these vehicles must function reliably 
within an atmosphere which is in many ways different from that of earth 
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Fig. 4 — Capabilities of Today's 
Best Aluminum and Magnesium 
Alloys for Elevated-Temperature 
Applications. Strength - density 


Strength - Density Ratio x 104 


400 600 


Temperature, F 


and lithium. Its room-temperature properties 
are somewhat higher than 7075 T-6 — which up 
to now has been the strongest standard aluminum 
alloy. Alloy X 2020 has superior tensile proper- 
ties in the lower temperature range —up to 
almost 400° F. for 1000 hr. exposure. For shorter 
exposure time, its superiority is extended to 
over 400° F. 

Alloy X 2020 is expected to become available 
in common wrought forms and it is being thor- 
oughly evaluated by the Air Force and the air- 
craft industry. Its creep and rupture properties 
are superior to 2024 at 300° F., although they 
begin to approach each other at 400° F., 
their tensile properties. 

Alloy X 2219 T-6, also shown in Fig. 4, was 
developed for elevated-temperature service. It’s 
similar to the British alloy RR 57, which contains 
copper and manganese, but it also contains small 
amounts of vanadium and zirconium. It comes 
into its own in the range 400 to 600° F. At 
present, it is primarily a forging and extrusion 
alloy, although it can be rolled into sheets and 
plates. 


as do 


A significant aluminum development has been 
the SAP, or sintered aluminum powder type of 
products, which utilize aluminum flakes contain- 
ing various amounts of aluminum oxide. The 
properties of these products vary with particle 
size and volume of oxide they contain. One com- 
position (shown in Fig. 4), designated M 257, 
contains 6 to 8% aluminum oxide by volume 


100 


ratio is ultimate strength in psi 
to density in lb. per cu. in 


which is less than the 10 to 14% oxide of the 
original Swiss SAP. 

These powder products are usable up to about 
1000° F. The composition shown in Fig. 4 has 
a relatively low oxide content; consequently, it’s 
easier to fabricate although its elevated-tem- 
perature properties are somewhat lower than the 
maximum which can be realized. The use of 
these products as honeycomb material is being 
investigated since they can be rolled into thin 
foil. The creep and rupture properties of the 
aluminum powder metallurgy products at 600° F. 
are superior to all conventional aluminum alloys. 

Casting Alloy —A aluminum = casting 
alloy, XA 140, is still in the developmental stage. 


new 
It has improved tensile and fatigue properties at 
600° F. High-purity C 355 and A 356 can be cast 
using new methods which give higher properties 
in critical areas. This is expected to increase the 
use of aluminum castings in airframes and missile 
structures. A Federal specification on these two 
alloys in premium-strength castings for aircraft 
applications is now being prepared, 


Magnesium — Alloys containing thorium have 


pushed the usable temperature of magnesium up 


to 900° F. for short-time low-stress applications 
— or within 300° F. of its melting point. Figure 
4 shows the best magnesium alloys in their rec 
Alloy AZ 31, 
the standard sheet alloy, has the highest room 
temperature properties, but it is exceeded in 
elevated-temperature properties by HK-31 H-24 


ommended temperature ranges. 
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300 to 550° I 
above 550° F. 

Alloy HM-21 is exceptionally stable at ele- 
vated temperatures. For example exposure for 
as long as 100 hr. at 700° F. 
effect on its properties at this temperature. — Its 
creep properties at 400° F. 
than HK-31. 

Magnesium 


and by HM-21 XA T-S 


in the range 


has practically no 
and above, are better 


Castings — Thorium — additions 


have also extended the temperature range for 


magnesium castings. EZ-33 is typical of the rare 
alloys and HK-31 of — the 
thorium-zirconium system. The former has ap- 
plic ations in the 350 to 550° F, 
alloys containing thorium are definitely superior 
100° F. 


for thin-walled castings; wall thicknesses 


earth-zirconium 


range, while the 


above Magnesium alloys work out well 

as low 

as 3/32 in. are now approved for aircraft use. 
Alloys ZK-60 and AZ-80 have 


tensively for forged aircraft wheels. 


been used ex 
They offer 
45,000 
and provide the stiffness needed 


room-temperature ultimate strengths of 
to 50.000 psi. 
for wheel applications with minimum weight. A 
recent investigation of forging alloys for higher 
temperature applications indicated EK-31 and 
HM-21 to be most promising for use up to 400° F. 
and above. Commercial forgings are now being 
made for further evaluation so data on properties 
can be made available to designers of high-speed 
aircraft and missiles. 

Problems — If we look at the stength-to-weight 


ratios of the best aluminum and magnesium 
(as shown in 
at the 
The major challenge then 


is to Improve property levels available at maxi- 


alloys for each temperature range 
Fig. 4), we see how low the ratios are 


higher temperatures. 


mum usable temperatures. 

There are more specific challenges: Designers 
say they need a good weldable aluminum alloy, 
which will have room-temperature properties in 
the metal as well as the weld, that are compar- 
able to high-strength heat treatable alloys. It 
should also have good high-temperature proper- 
ties. A better high-temperature fastener mate- 
rial or technique is needed for magnesium. If 
the modulus could be raised for both aluminum 
and magnesium, with no sacrifice in strength, 
then additional weight savings in many applica- 
tions could be made. An experimental program 
showed that the modulus of aluminum could be 
raised as much as 35% by additional refractory 
carbides using powder metallurgy techniques. 
However, tensile strengths obtained were dis- 


appointing. 


It should be possible to accomplish 
more in this area. 
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Steels 


must rely on mate rials 


As already noted we 
already deve ‘loped for solutions to many of our 
airframe problems, pushing their capabilitie S as 
High-strength steels fit into this 
offer 


far as possible. 
They 
ratio; some compositions offer promising ele- 
they 
of fairly good ductility and fatigue 
characteristics. 


picture. good strength-to-weight 


vated-temperature performance; show 


evidence 


The properties of steels heat treated to high 
hardness levels are constantly being improved. 
Refinements in heat treating practice have in- 
280,000 to 300,000-psi. 
while 


creased ductility in the 


range, for example, studies of embrittle- 


ment have alloys to best 


shown how to use 
work 
die steels have joined the ranks of metals re- 


ceiving 


advantage. Compositions classed as hot 


attention for moderate high- 


they 


fairly 

Until recently 

were not considered a structural material. 
Hot Work Toolsteels 


erally as medium carbon compositions of the 


temperature applic ations. 


These are classed gen- 


silicon-chromium- molybdenum-vanadium type. 
They are exemplified by such products as Peer- 
less 56, M and V ascojet 1000 which 
show impressive tensile and yield strengths up to 
about 1000° F. better than the stain- 
less steels, titanium alloys and currently avail- 
able beryllium, on a strength-to-weight basis. 


Potomac 


They are 


Fabrication difficulties are hampering the use 
of hot work die steels in structural applications. 
to decarburization 

heat treatment than other low-alloy steels. 
For the most part, welding without cracking is a 
ticklish operation and jigging for heat treating is 
normally a requirement because of the tendency 
toward dimensional changes. 


They are more susceptible 


Machining in the 
hardened condition is also difficult. Another 
problem is developing rolling techniques for thin, 
close-tolerance sheet and foil for skin and sand- 
wich construction. Also, oxidation and corrosion 
Diffusable coat- 
ings of aluminum or cadmium-nickel look prom- 
ising and cladding with stainless 304, for ex- 
ample, may be effective. 


resistant coatings are needed. 


Stainless types are an important class of mate- 
rials for airframe construction. Even though 
they do not come up to the elevated-temperature 
strength of the toolsteels, their improved resist- 
ance to oxidation and corrosion is an important 
factor. The martensitic stainless group comes 
closest to matching the strength of the toolsteels 
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but lack oxidation and corrosion resistance and 
are plagued with fabrication problems. The 
precipitation hardening steels are easier to fabri- 
cate and are more heat resistant but they possess 
only about two thirds of the strength of the 
toolsteels used in these applications. 

The modification of 17-7PH to the new 
PH 15-7 Mo is an important step. The new com- 
position gives a modest increase in tensile and 
yield strength, but more important it has creep 
properties from 25 to 100% better than 17-7 PH. 
The modification of AM 350 to AM 355 by 
slightly reducing chromium and using a 20% cold 
roll improves creep properties 10 to 25%, but 
more notably, increases the tensile strength by 
one third and the yield strength by one quarter. 

B-70 Design — About 759% of the structure of 
the B-70, the strategic intercontinental bomber 
being designed to replace the B-52, a few years 
from now will be made of precipitation harden- 
ing stainless steels — probably PH 15-7 Mo and 
AM 355. Construction will be of the all-brazed 
honeycomb type, using large panels, perhaps ap- 
proaching 10 x 20 ft. for a single piece. The re- 
maining 25% of the structure is being planned 
for titanium alloys, principally the substructure 
— spars, ribs and bulkheads. 

Charts in Fig. 5 show the present status of the 
high-strength structural steels. The dotted line 
in the chart represents results with experimental 
compositions which may give new capabilities 
with these materials. A number of modifica- 
tions are being explored on the premise that a 
steel which can be tempered above 800 to 1000° 
F. with little loss of its high strength is likely to 
have good resistance to softening at these service 


i | 350 
Experimental Heats 
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Experimental Heats 


temperatures. Empirical steel compositions 
being studied for higher tempering temperature 
resemble the hot work toolsteels now proposed 


for elevated-temperature structural applications. 
Titanium 


Its strength-to-density ratio is titanium’s most 
publicized property. In this respect, it is su- 
perior to many metals over an intermediate, 
although wide, temperature range. Figure 6 
gives a comparison of yield strength-to-density 
ratio as a function of temperature for titanium, 
beryllium and ferrous-base alloys. On this basis, 
the hot work die steels are the most competitive 
materials. Beryllium, with its low density, will 
be competitive when it becomes more available. 
The top curve in Fig. 6 represents the new all 
beta titanium alloy. It has the potential of being 
heat treated to over 250,000 psi. ultimate tensile 
strength. In the laboratory, the alloy has been 
heat treated and cold worked to a 
strength of over 270,060 psi. 


tensile 


The maximum temperature for use of titanium 
appears to be about 2000° F. for very short-time 
exposure and 1100° F. for long-time properties. 
Creep strength is not necessarily the limiting 
Above 1100° F., 
titanium absorbs oxygen and nitrogen at rates 
sufficient to interfere with its usefulness. Some 
producers consider 1000° F. the upper limit for 
continuous service and 1500° for short-time. 

Aircraft Versus Missiles — Isochronous creep 
curves, such as shown in Fig. 7 for Ti-5 Al-2.5 Sn, 


factor at high temperatures. 


are used by designers in working with short and 
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Fig. 6 All-Beta Titanium 
Alloy Compared with Be- 
ryllium and Ferrous-Base 
Materials on a_ Strength 
to-Density Basis at Elevat- 
ed Temperatures. Strength- 
density ratio is yield 
strength in psi. to 


density in lb. per cu.in 


Yield Strength - Density Ratio 


200 


long-time creep data. For example, if a part 
were designed for an aircraft structure using 
Ti-5 Al-2.5 Sn 


total deformation of 


which was to have an allowable 
0.604 for 1000 hr. at an 
operating temperature of 900° F., 
stress would be about 18,000 psi. 


the material were to be used for a missile struc- 


the limiting 
However, if 


ture, it could be used at a stress level of about 
50,000 psi. for 1 hr. of exposure. Since titanium 
can withstand such high stress levels for short 
periods of time, it is an excellent metal for missile 
applications. 

Low-Temperature Needs — Astronautics has 
created uses for titanium at cryogenic tempera- 
tures (Fig. 5). Several missile and rocket-powered 
vehicles store, pump and burn liquid fuels and 
oxidizers at very low temperatures — in the range 
to -425° F. High pressures and impact 
forces are generally associated with cryogenic 
space applications. Strength-to-density relation- 
ship and impact resistance are most important in 
selecting a material for these uses. Although no 
data exist for titanium below -321° F., there are 
promising possibilities for alloy development. 
A characteristic of titanium is that it increases in 
strength as temperature decreases. Tests have 
shown that at -300° F. strength is double the 
room-temperature value, 

Joining — Since many components of space- 
craft are essentially flying pressure vessels, weld- 
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Semi-Austenitic Steel 
Precipitation Hardenable 


Beryllium (QMV, Hot Pressed) 


400 


Future All-Beta Ti Alloy, Heat Treatable 


Beryllium (QMV, Hot Extruded) 


Hot Work Die St 


i-6Al-4V 


600 800 1000 


Temperature, F. 


1200 1400 1600 


ing and brazing are important methods of con- 
struction. In the past year, a new titanium alloy 
was developed, the all-beta B 120 VCA, which 
appears to simplify brazing operations. A honey- 


Fig. 7 — Isochronous Creep Curves for Ti- 
5 Al-2.5 Sn at 900° F. Since titanium can be 
used at high stress levels for a short time, 
it is a good material for missile applications 
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Fig. 8 — Missile Bottle Is Fabricated From Ti- 
6A1-4V for Use in the Atlas Missile. The 24-in. 
diameter sphere will hold liquid helium at — 300° 
F. to help control propellant flow into the combus- 


comb test piece fabricated from face and core 
materials of this alloy by a combination brazing 
and aging cycle gave a beam shear test result of 
1245 psi. — the highest attained for any material. 
Tensile tests on similarly treated face sheet mate- 
rial showed 195,000 psi. ultimate tensile strength, 
168,000 psi. yield strength and 69% elongation in 
2in. This test panel weighed about 2/3 as much 
as an equivalent 17-7 PH steel panel. If further 
evaluation verifies the test data, the development 
of titanium honeycomb could be a significant 
breakthrough for astronautical structures. 
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tion chambers 


Selection of titanium was based 
on four factors: weight savings, low-temperature 
properties, strength and corrosion 
(Courtesy Titanium Metals Corp 


resistance 
of America 


Beryllium 


During the past year, progress made to develop 
structural beryllium has been tremendous. To 
day, it's no longer a laboratory curiosity. Instead, 
it is a metal which can be made into needed 
shapes and utilized in limited but important 
applications. 

A unique advantage of beryllium is its great 
stiffness; with a modulus of elasticity of 42 10' 
psi., it tops many other metals including the 
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steels. The thermal properties of beryllium 
make it highly desirable for heat-sink applica- 
tions. Its melting point of 2343°F. imparts a 
degree of optimism for high-temperature use. 
Also, its strength-to-weight ratio is extremely 
high; in fact, few metals can approach it. 
Because of these advantages, beryllium is to- 
day being proposed for a number of applications 
and is already being used in several components. 
For example, inertial guidance parts require a 
material which is not only light in weight but 
dimensionally stable. A second proposed ap- 
plication, which utilizes the unusual thermal 
properties of beryllium and at the same time 
Here the 
metal would be a heat sink for the enormous 


reduces weight, is aircraft brake disks. 


Fig. 9 Metal 


Pieces of Machined Beryllium 
(Insert) and Setup for Machining Operation. Tox- 
icity of the metal requires special handling. Beryl- 
lium is useful for inertial guidance components 
which demand a material light in weight and di- 
mensionally stable. (Courtesy Beryllium Corp.) 
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amount of heat given off. Another proposed use 


is in missile nose cones and re-entry bodies. The 
thermal properties of beryllium, combined with 
lightness, would permit a weight savings which 
could be translated into either a range increase 
or fuel savings. Experimental nose cones have 
been produced from beryllium by powder metal- 
lurgy methods followed by precision machining 
to get a finished shape. 

Problem Areas — Joining beryllium to itself 
and to other metals presents a problem as does 
the entire area of fabrication when it is compared 
The 


metal is toxic and specialized equipment is re- 


to the more common structural metals. 


quired when working with it (Fig. 9). Its cost is 


high: however, other factors, such as weight sav- 


— 
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ings, fuel savings and range increase must be 
carefully considered before cost can be fairly 
analyzed. 

Because of the potential of beryllium as a 
metal, the Air Force has initiated a beryllium 
sheet rolling program. Although the program is 
still young, it has been found that rolling tem- 
peratures in the vicinity of 1400° F. give sheet 
with good strength and ductility in the plane of 
the sheet. The ultimate aim of the program is to 
produce sheets in sizes 30 by 60 in. by 0.020 in. 
thick. Fundamental investigations are being 
carried out to determine reasons for lack of 
ductility in beryllium and also to develop tech- 
niques for producing sound castings. 


Superalloys 


Superalloys will be called upon to furnish the 
bulk of heat resistant materials for the space age. 
Data so far indicate that all but certain “hot 
spots” may be within their capabilities. The pos- 
sibility exists that these “hot spots” will be pro- 
tected either by “cooled” superalloys or by 
coated refractory metals. At the present time, 
several new alloys are appearing which indicate 
potential usable properties at rather high stresses 
up to 1800° F. 

There is little doubt that superalloys are reach- 
ing the limit of increase in temperature, while 
retaining present levels of load-carrying ability, 
because service temperatures are approaching 
the melting points of alloys of the chromium, 
nickel and cobalt systems. It seems that the 
most that can be expected is an increase of serv- 


ice temperature of some 100 to 200° F. The last 
increments will come slowly and will present 
difficult production and fabrication problems. 

Power Plant Needs —Improvements in jet 
engine efficiency depend upon the development 
of alloys which can withstand greater stress at 
higher temperatures. This is placing great em- 
phasis on better superalloys. Design curves for 
some of the strongest current alloys are shown in 
Fig. 10. Several nickel-base developmental al 
loys have outstanding stress-rupture strengths at 
1800° F. Future advances in air-breathing en- 
gines, typified by the turbojet and ramjet, will 
probably be mostly of an improvement nature. 
They will depend largely on getting the last iota 
of performance out of materials which are com 
patible with existing design concepts 

A significant factor in the power plant picture 
today is the dominance of rockets for astronau 
tics. The chemically fueled types, represented 
by those using red fuming nitric acid and ordi- 
nary jet fuel, have received the most attention. 
However, plumbing requirements and check-out 
complexity, plus ground servicing problems, may 
push them into the background. Solid fuel types 
are looking more promising all the time as a 
result of development of good propellant mate 
rials which can be cast directly into the casing. 
While these rockets are relatively simple in con- 
struction, they pose some serious materials prob- 
lems due to severity of the operating environ- 
ment and the need for the ultimate in weight 
reduction. 

Two Problem Areas — Major advances are 
needed in at least two areas for air-breathing 
power plants. One is for nuclear-powered turbo- 


jet engines. This development has been delayed 
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more by shortcomings of materials for fuel ele- 
ments and heat exchangers than by any other 
single factor. lonosphere ramjets, which have 
been proposed, will also present some challeng- 
ing materials requirements. They will be large, 
but extremely lightweight, engines for operation 
in the upper reaches of the atmosphere. These 
engines will generate thrust by such means as 
compressing and catalyzing the available oxygen 
atoms so that they recombine into molecules. 
Materials problems will involve foil-like heat re- 
sistant structures and catalysts for the recom- 
bination process. 

Space vehicles will also use heat resistant al- 
loys in the form of thin sheet and tubular prod- 
short-time 


ucts. Designers are interested in 
mechanical properties of the materials — such as 
creep-rupture data for 10 to 1800 sec. A need 


also exists for data on extremely long-time me- 
chanical properties of superalloys. Space ve- 
hicles and space stations will be required to 
operate for several thousand hours 

Cooling Will Push Limits — It is reasonable to 
believe that cooling will be employed so that 
superalloys can be used at temperatures in excess 
' At least two meth- 
ods are available: One is air bleed-off for super- 


of those normally allowable. 


sonic flight; another is liquid coolants for flight 
through the heat barrier into outer space and re- 
entry into earth's atmosphere. Of the liquid 
coolants available, two methods are in the pic- 
ture: The first is to circulate liquid fuel to absorb 
heat. 
However, with solid propellants it will be neces- 


This adds no weight to the structure. 


sary to carry an expendable liquid such as water 


which will escape as steam. 
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Refractory Metals 


Ultra high-temperature problems most prob- 
ably will be limited to the propulsion system and 
re-entry conditions. If to meet these 
conditions with materials which will respond to 
static and dynamic stresses in a ductile manner, 


we are 


we must turn to the group of metals having the 
highest melting points. These are the refrac- 
tory metals — tungsten, tantalum, molybdenum 
and columbium. 

Future capabilities predicted for the refractory 
metals are depicted graphically in Fig. 11, which 
shows the stress-temperature relationships for 
100-hr. rupture life for the annealed, unalloyed 
metals tungsten, molybdenum and columbium. 
With molybdenum, alloy development has al- 
ready raised its capability to a value of 0.55 of 
its absolute melting point. No data are avail- 
able on tantalum but its high recrystallization 
temperature indicates a good high-temperature 
potential. 

We are faced with a number of problems with 
the refractory metals. In some instances, we are 
only at the threshold of a problem; in others 
considerable progress has been made. Take 
these two extremes: We know virtually nothing 
about arc melting of tungsten and very little 
about its atmospheric protection. On the other 
hand, arc-melted molybdenum and some of its 
alloys are commercially available and_ several 
protective treatments of varying degrees of re- 


Fig. 11 — Predicted Capabilities of Future Refrac- 
tory Metal Alloys Shown in Dotted Curves Based 
Estimated 100-Hr. Creep-Rupture Behavior 
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liability have been developed. Undoubtedly 
much has been learned about molybdenum which 
can be applied to the other refractory metals. 
Protective Coatings — The biggest barrier to 
the use of the refractory metals is their low oxi- 


dation resistance. The strong efforts being made 


to use molybdenum in aircraft gas turbines have 
resulted in a number of coating techniques with 
different degrees of usefulness. The require- 
ments to protect a gas-turbine bucket, which in- 
volve resistance to erosion, thermal cycling, high 
stress and impact for periods of 100 hr. or more, 
are such that it is difficult to find any single treat- 
ment or combination which will cope with all 
the conditions. Some of these techniques should 
meet requirements where exposure time will be 
shorter and some of the other stringent condi- 
tions of the turbine bucket will be avoided. 


Ceramics and Cermets 


A few years ago cermets looked promising for 
use in turbojet engines. Then a point was 
reached where superalloys approached (and in 
a few cases surpassed) the best of the titanium 
carbide-base cermets. As a result the problem 
of design with a brittle material was obviated. 
Now the question is: Are there jobs for ceramics 
and cermets in the space age? 

Problems exist in the use of these materials as 
high-temperature structural components. — For 
example, many ceramics which have fair re 
sistance to thermal shock tend to oxidize at ele- 
vated temperatures. Those that don't oxidize 
have poor thermal shock resistance. There are 
sizable programs on ceramic-type materials for 
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rocket motors, rocket nozzles, leading edges and 
nose cones. Other applications are in guidance 
systems such as infrared transmitting windows 
and radomes. 

Ductile Ceramics — Recent research has dem 
onstrated that some ceramic-type materials are 
not inherently brittle. Magnesium oxide, sodium 
chloride and lithium fluoride can be very ductile 
Freshly fractured specimens taken from. single 
crystals show high ductility. Prolonged exposure 
of the fresh fracture to the atmosphere, however 
destroys this ductility. There is the possibility 
that coatings, chemical dips, platings or other 
means of retaining this ductility can be devel 
oped. Another problem to be solved is how to 
build a ductile polyerystalline material from the 
ductile single crystals. 


Graphite 


Graphite is of interest in the astronautic age 
because it has potentially useful properties at 
2700° F. and above. 


mercial grade of graphite with tantalum and 


Figure 13 compares a com 


molybdenum by plotting tensile strength, cor 
rected for density, versus temperature. It shows 
that graphite retains mechanical properties up to 
5800° F. and its strength is superior to the re 
fractory metals at 2700° F. 
pared on a density basis, it would need almost 
50,000 psi. tensile strength at 4500° F 


pare with graphite. 


If tungsten is com 
to com- 


Materials engineers working in problem areas 
will tell you that graphite is the most singularly 
attractive material proposed for high-tempera 
ture service. It is not unreasonable to expect it 
to find use for certain applications at 5000° F. 
It’s of present interest for structures, rocket noz- 
zles and components such as jetavators and jet 


vanes, leading edges for airfoils and thermal 


Fig. 12 — A Coated Molybdenum Specimen (108) 
Successfully Withstands a Rocket Exhaust of 
4400° FF. During a 20-Sec. Test 
was 4600 miles per hiv 


Gas velocity 
Top photo shows piece 
before test, bottom one shows appearance after 
126) fails 
initially by melting and then violently burns in the 
rocket exhaust at 3600° F. during a 19-sec. test 
Gas velocity was 4600 miles per hr. Top photo 
shows specimen before test, bottom one shows 
it after test. Over 96 different materials have 
been tested; no uncoated metals survived the 
test. (Courtesy Cornell Aeronautical Laboratory) 


test An uncoated Inconel specimen 
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spikes, nose cones of the heat sink and ablation 
variety*, brushes, bearings and seals for high- 
temperature applications. 

Although graphite is susceptible to oxidation 
and erosion in high-temperature air and combus- 
tion environments, for certain short-time appli- 
cations the degree of degradation of unprotected 
graphite may not interfere with its performance. 
Structural use for relatively long times at high 
temperature under oxidizing conditions requires 
a coating. For certain applications, coatings are 
available which meet these requirements; how- 
ever, a completely reliable, oxidation resistant 
coating, particularly under erosive conditions 


coes not exist today, 
Composite Materials 


New and radically different composites are 
needed for future air and space vehicles. There 
is virtually no limit to the possible combinations. 

*In aerospace terms, ablation is defined as a heat 
absorption and heat-transfer barrier phenomenon in 
which the vaporize 
sublime, or depolymerize and in so doing is removed 


ablating material may melt 


from the parent material. 


Fig. 13 — Graphite Compared With Tantalum and 
Molybdenum on Basis of Tensile Strength, Cor 
rected for Density, Versus Temperature. Graph 
ite is expected to be a useful astronautic mate- 
rial for certain applications to 5000° F. This 
curve shows that tensile strength almost dou 
bles in going from room te mperatures to 4000° F 
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Many multilayer configurations will be used. A 
lightweight composite inner layer can carry the 
load, while an insulated, cooled or otherwise 
resistant layer can be placed on the outside. If 
the load-carrying layer is sufficiently resistant, 
it may be on the outside and the insulated « 
cooled layer can be located on the inside to pro- 
tect internal mechanisms, fuel and personnel. 

Other approaches may be modeled after rein- 
forced plastics, in which reinforcements with 
good tensile strength are supported in compres- 
sion by matrix materials having low tensile 
strengths. For example, a material analogous to 
reinforced plastics is wire reinforced ceramic, or 
sheet metal strip wound around a suitable form 
and bonded with a structural adhesive. 

Rocket Cases — Solid propellant rockets are 
assuming a more important role all the time in 
power plants for missiles and space craft. Since 
most of the nonpropellant weight is concen- 
trated in the case and end closures, these items 
must receive prime consideration in the weight 
reduction effort. If a mass ratio of 0.90, for ex- 
ample, is to be obtained in a rocket containing 
7000 Ib. of propellant, then less than 800 Ib. are 
available for the case, nozzle and other hard- 
ware. This is not much for a large pressure 
vessel designed to withstand upwards of 750 psi. 
with severe vibrations and perhaps external 
aerodynamic heating. Ordinary low-alloy steel, 
heat treated to 170,000 psi. yie ld stre nath, is not 
very attractive for these roc ket cases. 

The need for high strength plus the require- 
ments for absolute concentricity has pointed the 
way to built-up strip or wrap construction. In 
the wrap process, several layers of thin ribbons 
of steel or other metal are helically wrapped 
around a mandrel and bonded with an adhesive. 
The end closure and nozzles may then be ad- 
hesive bonded to the case. 

Steel strip, currently available, has a yield 
strength-to-density ratio of slightly less than one 
million. Certain steels, in strip form a few inches 
wide, can perhaps be heat treated to a yield 
strength of 300,000 to 400,000 psi. Heat treated 
titanium alloys and filament wound fiberglass- 
plastic also look good. These materials offer 
possibilities of strength-to-density ratios in the 
order of 1% million or even more. Extensive 
work is needed to develop higher strength 
metals, fiberglass laminates and higher tempera- 
ture adhesives to exploit the process. The pos- 
sibilities are great and may ultimately lead to 
many applications other than rocket engines. 
Fiber Metallurgy — Techniques are being 
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studied to put metallic wires in a ductile metallic 
matrix. For example, molybdenum wires have 
been added to a matrix of Ti-GALAV by powder 
metallurgy techniques. Using by volume 
of molybdenum wire, the strength of the com- 
posite at 1200° F. was equivalent to that of the 
straight titanium alloy at 600° F. The problem 
is to get the wires bonded without exceeding 
recrystallization or softening temperatures. 

There are many other possibilities in the com 
posite area. Reintorced plastics could be faced 
with metals to give increased rigidity and metals 
coated with reinforced plastics could dampen 
vibrations, improve fatigue resistance or perhaps 
provide an ablating material to resist thermal 
penetration. The theoretical strength and modu 
lus of elasticity of long filaments (commonly 
called whiskers) are very high, indicating that 
composites using these materials should have ex 
cellent properties. There is the possibility of 
adding ceramic fibers to a ductile metallic matrix 
to give a composite with characteristics of both 
the ceramic and metallic materials 


Sandwich Structures 


Composite construction, using present-day 
materials, gives strength properties equivalent to 
conventional construction with lower weight. 
Figure 14 shows the efficiencies of several metals 
comparing sandwich with conventional struc 
tures. Aluminum alloys are used for the lower 
temperature range, titanium alloys and stainless 
steel are shown for the intermediate range and at 
higher temperatures the efficiency of the super- 
alloys is shown. 

Design Advantages — Sandwich construction 
also gives specific design advantages which are 
becoming more important all the time. An ex- 
ample is resistance to sonic fatigue ene rgy. In 
one test the maximum sound intensity resisted 
by a conventional structure was 167 db. and the 
plate panels lasted only 3 min. compared with 
sandwich panels which did not fail until they 
had been exposed for 460 hr. at the same sound 
intensity. The improved fatigue strength also 
helps resist failure due to aerodynamically in- 
duced vibrations. 

There are other structural advantages: With 
proper selection of skin thickness and core cell, 
allowable buckling stress can be made equal to 
or slightly greater than the compressive yield 
stress of the facing material. More interior 
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volume is available due to elimination of bulk- 
heads and ribs. Thermal conductivity can be 
controlled by proper selection of component 
materials. Smoother aerodynamic surfaces are 
possible since rivets and bolts are eliminated. 
Sandwich and other adhesive-bonded con- 


One flight 
vehicle has wings composed of sandwich con- 


figurations can function as fuel tanks. 


struction with the core extending the full depth 
of the wing. The entire interior column of the 
wings is used to carry fuel. Other examples of 
structural sandwich applications are control sur- 
faces, missile fins, missile fuel and oxidizer tanks, 
helicopter rotor blades, aircraft flooring, bulk 
heads. Nearly every advanced application §re- 
quiring high strength and rigidity is a candidate 


for sandwich « omposites. 


Coatings and 


Surface Treatment 


The primary purpose of coatings for space ap- 
plications is to control radiant heat transfer. 
Other requirements stem from the need for 
erosion control, lubrication and vibration damp- 
ing. Satellite tests to date have shown that the 
erosion problem is not nearly as severe as was 
first imagined. Even so exterior coatings will 
have to contend with three types of environ- 
ments. These are meteorites, charged particles 
Work done on stabil 
ization of coating materials for nuclear environ 


and high-energy radiation. 


ments may be applicable to coatings for use 
under erosive conditions, except for the larger 
meteorites 


Vibration supression has been a big problem 


Relative Weight 
(to Support Load With Constant Span) 


Fig. 14 — Weights of Conven- 
tional Structures Compared 
With Sandwich Type. In ad- 
dition to weight for 
equivalent strength porperties, 
composite construction has a 
number of other advantages 


less 
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——= Sandwich Structure 


with aircraft, particularly with the large power 
plants. This problem will be greater with rocket 
power plants. Vibration can be damped most 
efficiently with a low-density coating, possessing 
high internal friction to vibration travel. Coat- 
ings such as silicone rubbers are efficient. 
Lubrication — Another area, unique to space 


environments, is that of lubrication of 


unpres- 
sured components. In the atmosphere, metals 
If it is 
In the 


absence of an atmosphere, damaged oxide films 


have a thin oxide layer on their surface. 
broken, it's quickly repaired by nature. 


are not repaired and the rubbing surface will gall 
or weld. dry film 


lubricants may be necessary on all rubbing Sur- 


This means that nonvolatile 


faces which are not protected, 

Thermal insulation will have many uses in the 
space era. Ceramic coatings will be used to in 
sulate structural parts from power plant and 
Multiwall, polished 


metal surfaces, similar, to thermos bottles, will be 


aerodynamic re-entry heat. 
needed to protect cryogenic equipment and fuels. 

Properties of Coatings — There is a need for 
coatings which will resist rocket oxidizers, but 
the most serious requirement is for coatings with 
heat, erosion and oxidation resistance for appli- 
cation to power plants. Metallo-organics seem 
to offer the brightest future in heat resistant 
paint-type coatings. Ferrocene type structures 
have heat resistance to 900° F. for short periods. 
Chelate polymers also look promising in the 
high-temperature field. Fluorocarbon materials 
are still rated the best for chemical resistance to 
oxidizers. 

Electrical Systems — Here coatings problems 
are related to operation in an unpressurized en 
vironment. One problem is corona discharge 
which becomes most serious in the ionosphere 
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where all gases are easily ionized. 
tential problem is the volatility of metals at low 
pressures. A small evaporation of metal is sut- 
ficient to short circuit resistors and other electri- 
cal equipment. For example, cadmium plate 
may present a problem at temperatures as low as 
200" F. This problem can be solved by avoiding 
the volatile metals or by constructing a shield 
around sensitive equipment. 

Ceramic coatings with thermal and 
oxidation stability are needed for protection of 
refractory metals in power-plant applications. 


Another po- Here the oxides, zirconates and silicates look 


promising. The borides, carbides and nitrides 
do not have inherent oxidation stability but in 
some cases the oxidation rate is low. Silicon 
monoxide is an example of a ceramic coating 
with self-healing properties. 

Alloy plating and diffusion systems promise to 
give coatings with improved chemical and physi- 
cal properties. The diffusion coating offers the 
best hope of providing a transition of properties 
between a refractory metal and an oxidation 
resistant topcoat. 


The Changing Picture in Aireraft and Missile Metals 


1 — Airframe Alloys 


COMPONEN! 


Now U sep Proposed ror Furure U st 


Fuselage 


Structural members, frames. 


Spal longerons 


Skins, panels 


Attach fittings 


Wings 
Skins (sculptured 


Structural members 


Attach fittings 


Landing Gear 


IFrames, rods 


Fittings, brackets 


Hydraulic pumps 
srakes 


Engine mounts 


Empennage 
Skins 


Structural members 


Attach fittings 


steels (55 R, ) 


Mg, Al, 4130 (40 R.), Ti-6Al-4V, 1340 (50 R,), hot work die steels 

hot work die steels (55 R,), 8740 95 R.), Ti-bAl-4V, Inconel X 

1) R,) M-252 

Mg, Al, Al honeycomb, 301, 316, PH 15-7 Mo, AM-355 \-286 

321, 410, 17-7 PH, 19-9 DL 17-7 PH, brazed stainless honevy- 
comb, 410, Inconel X, M-252 

$03, 321, 4130 (40R,), 4140 A-286, Inconel X, 4340 (55 R,), 

(40 R.), 4340 10 R.), 8630 hot work die steels 

(40 R.), hot work die steels AM 350, AM 355, Ti Allows 

(50 R,) 

Mg, Al, 301, 321, 17-7 PH, Ti grazed stainless en- 


velopes, 410, 17-7 PH, PH 15-7 
Mo, AM 355, hot work die steels 
A-286, Inconel X, M-252 

Mg, Al, 17-4 PH, 17-7 PH 17-4 Mo, 17-7 PH, AM 350 
AM 355 hot work dic steels 
55 R.), Ti alloys, A-286, Inconel 


X, M-252 

41140 (40 R.), 1540 1OR li- Hot work die steels OR A. 

6Al-4V, hot work die. steels 286, PH 15-7 Mo, 17-4 PH, 

(55R 17-7 PH 

Al, 440 (40 R,), 8630 (40 R,), 1340 (55 R.), hot work die steels 

4340 (50 R.), hot work die steels 55 (R,) 

(55 R,) 

$540 (40 R,), A-286, 410, HS-2] PH 15-7 Mo, A-286, 410 

1340 (40 R,), 410, 440 410, hot work die steels (55 R 
Beryllium 

1340 (40 R,), 410, A-286 A-286, 410, hot work die steels 
(55 R,) 

Al, 301, 321, 410, Ti 110, 17-4 PH, 17-7 PH, 19-9 DL. 
Inconel X, ‘Ti-6Al-4V, hot work 
die steels (55 R ), Tiallovs A-286, 
M-252 

Al, 4340 (40 R,), 8740 (40R,), 17-4 PH, 17-7 PH, 4340 (55R,), 

17-7 PH AM 355, hot work die. steels 


(55 R,), Inconel X, A-286 


4140 (40R.), 4340 (40R,), 17-7 PH, AM 350, 4340 (55 R.). 


17-7 PH, AM 350, hot work die hot work die steels (55 R.), A-286 
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Il — Jet Engine Alloys 


(COMPONENT 


Now Usep 


Proposep ror Future Use 


lorward frame, gear boxes 
Hlubs shafts 


(Compressor disks 


(Compressor rotor blades 
( ompressor stator 


pac ers 


Compressor housing 
Center main bearing support 


Combustion chamber manifold 


shrouds 
Lurbine inlet nozzle 


lurbine wheel 


lurbine shaft 


Turbine rotor blades 


lurbine stator blades 


Turbine stator case 
Reheat burner 


Rear main bearing support 


1722 AV, Chromalloy, Mg-tho- 
rium alloy, 8740 

$340, Ti-6Al-4V, AMS 6302, 
AMS 6304 

AMS 6302, AMS 6304, 410, 4 
#31, 17-7 PH, Ti-6Al-4V, 4 
(32 R.) 

410, 431, 17-7 PH, Ti 


99 
2 


110. 17-7 PH 


1i-6Al-4V, 4340, A-286, 316 


310, 321, Chromalloy, Mg-tho- 
rium alloy 


310, A-286 
310, N-155, A-286. Hastelloy B 


Hastelloy B 
A-286, Discaloy, AMS 5616 


A-286, 4340 
HS-31, M-252, U-500, A-286 


A-286, HS-25, Hastelloy C, Re- 
fractaloy 80 

A-286, N-155 

HS-25, N-155, 17-7 PH 

4-286 


17-7 PH, Ti-7Al-4Mo, Ti-6Al-4V 
A-286, 410, 431 


1722 AV, 410, 431, 17-7 PH, 
19-9 DL, AM 350, A-286, Ti- 
6Al-4V, Ti-7Al-3Mo 

403, 17-7 PH, 19-9 DL, AM 350, 
A-286, Ti alloys 

103, 17-7 PH, PH 15-7 Mo, 

AM 350 

Inconel X. A-286, VascoJet 1000 
Ti-5AI-2.5Sn, A-286 


A-286, R-235 
R-235, HS-25, René 4] 


R-235 

A-286, M-308, Inconel 901, Wasp- 
alloy, D-979 

A-286, Inconel 901, M-308, W 545 
U-500, U-600, U-700, Inconel 700, 
Inconel 713, GMR-235, GMR- 
235 D, HS-31, R-235, DoM, Ni- 
crotung coated molybdenum 


René 41, Inconel 713, Inconel 700 


R-235, René 41 
René 41, Inconel 702 
Inconel X, Inconel W 


Ill — Missile Alloys 


cone 


Skin 


Structural members 


Rings, attach fittings 


Pressure tanks 
Fuel controls 


Fuel control housing 


Combustion chamber 


cone assembly 


303, 321, 17-7 PH 


Mg, Al, 17-7 PH, 17-4 PH, 302, 
321, Ti 

Al, Mg, 4340, 17-4 PH, 17-7 PH, 
Ti-6Al4V 


4340 (50 R,), 4330 (50 R,), 410, 


17-4 PH, 17-7 PH, 19-9 DL, 
Ti-6Al-4V 


4330, 4335, 4135, 4140 (50 R,) 
Al, Mg, A-286 


Al, 301, 321, 347 
17-7 PH, AM 350, AM 355 


17-7 PH, 19-9DL, AM 350, 
AM 355 


A-286, Be, Mo, graphite, ceram- 
ics, plastics, Cu 

17-7 PH, A-286, AM 350, AM 355, 
René 41, Ti alloys 

PH 15-7 Mo, 17-4 PH, 17-7 PH, 
A-286, hot work die steels (55 R.) 
A-286, J-1570, M-252, R-235, 
Ti-6Al-4V, Ti-8Mn, Ti-16V-2.5Al, 
li B 120 VCA (beta), Ti-7Al-4Mo 
(alpha-be ta) 

Hot work die steels (55 R.), Ti 
alloys, Tricent 

U-500, N-155, M-252, A-286, HS- 
25, S-816, U-600, U-700 

A-286, René 41, R-235 

A-286, R-235, René 41, J-1570, 
M-252, Inconel 901, Inconel X 
AM 350, AM 355, N-155, A-286, 
U-500, M-252, Inconel X, 
Graphite 


Information in these tables is based in large part on a mand, Wright-Patterson Air Force 
survey of 31 airframe, engine, missile and machine tool 


companies made by Curtiss-Wright Corp. for the by personnel 


Manufacturing Methods Branch, Air Material Com- 
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Base, Dayton 


Ohio. Much of the information has been supplied 


the Metals Branch, Materials 


Laboratory, WADC. 
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What’s New in Everyday 


Aluminum... 


Wrought Alloys 


By J. A. NOCK, JR., and F. KELLER* 


A NUMBER Of improved aluminum alloys 
have been developed for specific applications. 
These include: a unique high-strength alloy for 
aircraft and other structures; a group of inter- 
mediate-strength alloys for welded tanks and 
fabricated structures; several alloys for architec- 
tural uses; a new sheet and an extrusion alloy 
adapted to bright finishing for automotive and 
appliance trim; a nonstaining alloy for cooking 
utensils; two alloys for aluminum bus conduc- 
tors; and two alloys for use with porcelain 
enamel finishes. 

*Alcoa Research Laboratories, Aluminum Co. of 
America, New Kensington, Pa. 


114 


Uses for Metals 


For aircraft and other high-strength  struc- 
tures, an important development is alloy X 2020. 
It contains an appreciable amount of lithium and 
a small amount of cadmium which enables it to 
maintain high strength up to 400° F. Conven- 
tional aluminum alloys begin to lose strength 
when they are heated in the range of 250 to 
350° F. Research on addition of lithium has 
shown that it not only serves to maintain the 
strength of the alloy at elevated temperature but 
decreases the density and also increases the 
modulus of elasticity about 8% over that of 
standard aluminum alloys. These two factors 
have made the use of X 2020 in airframe con- 
struction attractive even when high tempera- 
ture is not involved. 

More Higher Strength Alloys—In_ aircraft 
structures, the high-strength alloy 7075 has been 
used extensively as sheets, forgings, plates and 
extrusions. In thick extrusions and massive 
forgings, 7079, of more recent introduction, gives 
higher strength than 7075 because it is less sus- 
ceptible to slow cooling rates prevailing in thick 
sections. In thinner sections and sheet, 7075 
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Large Aluminum — Truck 
Tanks Fabricated by Weld- 
ing Using One of the Neu 
Magnesium-Containing Al- 
loys. Welded joints have 
good efficiency and shou 
the same strength and duc- 
tility as the parent metal, 
in the annealed condition 


develops measurably higher strength. Several 
modifications of these alloys have been an- 
nounced recently, including X 7175, 7275, 


X 7179 and X 7279. 
provide the high tensile properties of these alloys 


They were developed to 


in combination with increased elongation in the 
short transverse direction. 

Another addition to the list of medium to high- 
strength heat treatable aHoys is 6066. 
strength levels intermediate between 6061 and 


It gives 


alloys such as 2014 and 2024. It is recommended 
for structural applications. 

Better Weldability 
num-magnesium alloys of intermediate strength 


For many vears. alumi- 


have been used where the high-strength, heat 
treatable alloys were not suitable or economical. 
For large tanks, as an example, 5052 has been 
used extensively, while a higher strength alloy, 
5056, was employed in the strain hardened tem- 
per for slide fastener elements and in alclad 
form for insect screening. With the development 
of inert-gas-shielded-are methods for making 
high-quality welds, aluminum-magnesium alloys 
of this general type assumed considerable im- 
portance.* These alloys do not require heat 
treatment. Welded joints have good efficiency 
and show the same strength and ductility as the 
parent metal, in the annealed condition. 

As a result of increased interest in the alumi- 
num-magnesium alloys, six alloys of this type are 
now available: 5154, 5155, 5454, 5083, 5086 and 
5456. They have nominal magnesium contents 
ranging from 2.75 to 5.25% and generally contain 
manganese and a small amount of chromium. 
Certain companion alloys such as 5556, X 5554, 
and 5183 are specifically recommended for weld 
filler materials. Products of these alloys (in 


*“Development of Wrought Aluminum-Magne- 
sium Alloys’, by E. H. Dix, Jr., W. A. Anderson and 
M. Byron Shumaker, A.R.L. Technical Paper No. 14, 
Aluminum Company of America, 1958. 
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certain tempers for each alloy ) are recommended 


for marine applications, tanks, pressure vessels, 
truck bodies and other structures where weld- 
ability is important. Alloy 5454, because of its 
greater stability, is particularly adapted to appli- 
cations operating in the range of 150 to 400° F. 

Architectural Uses — Because of increased in- 
terest in curtain wall construction, several sheet 
and extruded products have been developed for 
use as building facing, panels and mullions. 
The products, which are aluminum-silicon alloys, 
are designated Anoclad 20, Anoclad 30 and Ano- 
clad 40. They develop an attractive gray finish 
when a suitable anodic treatment is used. Sev- 
eral shades of a permanent gray finish ranging 
from a medium shade to a dark slate-gray, can be 
produced. 

Bright Finish 


uses for aluminum in the automotive field is for 


One of the fastest growing 


trim items such as grilles, exterior and interior 
panels, window frames, emblems and lettering. 
These parts are y buffed, chemically 
polished, and then anodized to obtain a bright 
and protective finish. While alloys 1100, 3003 
and 5357 have been used satisfactorily for some 


usually 


of these trim items, there has been a demand 
for alloys which would have a brighter and more 
metallic appearance after anodizing. To meet 
this need, two new alloys, 6463 for extrusions 
and X 5457 for sheet products, have been de- 
veloped. Alloy 6463 is a heat treatable com- 
position of the magnesium silicide type, similar 
to 6063. When anodically treated, it gives 
the brightest, clearest’ finish which can be 
achieved on a commercial aluminum extrusion 
In addition to use in 
the automotive field, it should find applications 
in appliance trim and in architectural uses 
such as wall facings, store fronts, ornamental 
work, marquees, railings and ventilators. 

The new sheet alloy, X 5457, is a companion 


without excessive cost, 
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product to 6463. Its attractive appearance after 
buffing, brightening and anodizing makes it of 
particular interest for decorative trim applica- 
tions in the automotive and appliance field. This 
new alloy is expected to replace 5357 for appli- 
vations where maximum brightness is required. 
It offers bright lustrous finishes approaching 
those obtained with the much more expensive 
foreign alloys made from high-priced super- 
purity aluminum. 

Nonstaining Alloy — For many years, cooking 
utensils have been made from 1100 and 3003 
alloys. Under some conditions of use and with 
the type of water in certain localities, ordinary 
cooking utensils may discolor and become 
stained. This created a demand for an aluminum 
alloy which would remain bright and attractive 
in ordinary use. To meet this requirement, two 
products, Alcoa No. 1 and No. 2 cooking utensil 
sheet, have been developed and are being evalu- 
ated in cookware sets for home use. Various 
locations were selected to provide a wide variety 
of foods, cooking customs and types of water. 
Test results indicate these new alloys have a 


What's New in Everydag Uses for Metals 


Stainless Steels 


By RICHARD E. PARET* 


Tue MERits of Types 201 and 202, the most 
recent additions to the list of 37 A.L.S.1. standard 
stainless steel grades, are becoming well es- 
tablished. Recently, these high-manganese low- 
nickel grades have been made available in a full 
range of mill forms. An indication of the in- 
creased interest in Type 200 stainless is the 
marked rise in production (to 25,000 tons) for 
1957, most of which has been Type 202. Origi- 
nally developed to conserve nickel during the 
Korean period, this grade has established itself 
as a fully qualified member of the stainless 
steel family. 

*Stainless Steel Specialist, American [ron and 
Steel Institute, New York. 
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high resistance to staining. When utensils made 
from them are anodically coated, they maintain 
their original appearance and are easy to clean. 

Electrical Conductors — A new high-strength 
alloy, particularly useful in bus work, has been 
available for several years. Known as No. 2 EC, 
it is of the aluminum-magnesium silicide type 
of heat treatable aluminum alloy; it gives high 
electrical conductivity and strength. Recently, 
a previously developed alloy of the aluminum- 
magnesium type, 5005, has been used to secure 
higher strength in the electrical conductor field. 

Porcelain Base — Three new aluminum prod 
ucts developed specifically for the application of 
porcelain enamel finishes are now available. 
hese are identified as No. 1 porcelain enamel 
ing sheet and No. 1 and No. 2 porcelain enamel- 
ing extruded shapes. Their use assures uniform 
behavior of the metal throughout the enameling 
process. Less critical control is needed in con- 
ditioning the metal surface and better adherence 
of the enamel is obtained. These result in 
lower cost for applying porcelain coatings to 
aluminum and also give a better quality finish. 


Type 202 has slightly greater hardness, tensile 
strength and ductility than 302 in the annealed 
condition. Its impact strength is lower than 302 
and it provides slightly less resistance to corro 
sion. But in both these latter two properties 
202 rates quite high and can, in most cases, be 
safely used to replace Type 302. The yield 
strength of Type 202, however, is about 35% 
higher than that of 302. This means that lighter 
gages can frequently be used in specific applica 
tions to give lower material costs. 

Type 430 — Technological advances have im- 
proved the properties of this straight chromium 
grade. The appearance of stretcher strains in 
severely drawn parts has virtually been elimi- 
nated by modifications of mill annealing prac- 
tices. In addition, cold forming behavior is 
more consistent. 

Hardenable Chromium-Nickel Grades — Until 
recently, the combination of high strength and 
corrosion resistance chromium-nickel steels 
could be obtained only by cold working. The 
new hardenable grades provide both these valu- 
able properties with comparatively simple heat 
treatment at modest temperatures. Thus, you 
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can form these hardenable steels and then heat 
treat them without danger of warpage. 
These hardenable steels are helping to extend 
the applications for stainless. Generally, they 
show uniform properties in the longitudinal and 
transverse directions in tension and compression, 
Various types are available in sheets, plates, 
bars, rods, forgings, strip and wire. 
Extrusion — This has developed into a stand- 
offers 


ard mill-production technique. — It new 


economy for stainless steel forms. Extruded 
shapes are now available in a wide variety of 
solid and hollow shapes and limitations on toler- 
ance for corners, fillets, and angles are con- 
stantly being reduced. Commensurate improve- 
ments have been attained for surface finishes, 
as well as an increase in the maximum cross- 
sectional area and length (or weight) of ex- 
truded shapes. 

Flow Turning — This recently developed proc- 
ess enables circular, conical, or parabolic parts 
to be produced by cold flowing stainless steel 
over a mandrel, Improvements in blank de- 
velopment, as well as advanced methods for 
properly balancing pressures and feeds have 
resulted in better production tolerance control 
(generally + 0.002 in.). 

Slag Washing—A new pouring technique, 
known as “slag washing”, produces steel free 
from harmful stringer-type inclusions or band- 
ing. 
trol segregation of titanium, slag washing can 
be extended to all grades. Type 321 (a titanium 
bearing stainless) in some instances has the 


First used in producing Type 321 to con- 


disadvantage of showing minor surface defects 
in the highly polished condition. This process 
makes it possible to develop a full polish on 
this alloy. 

Basically, the cleansing action is accomplished 
by pouring the steel through a blanket of high- 
temperature slag placed in the ingot mold prior 
to teeming. Harmful contaminants are picked 
up by the washing action. As the molten steel 
rises in the mold, the slag further serves to pro- 
vide a protective covering against oxidation. 
The rate of solidification is also retarded by the 
slag, which allows the remaining contaminants 
to float to the top for removal. 

Sandwich Rolled Stainless — A significant ad- 
vance in mill rolling came about this year with 
the development of a new process which makes 
available the widest thin-gage stainless steel 
sheets ever produced. Accomplished by sand- 
wich rolling of stainless steel between two car- 
bon steel cover plates, the process offers many 
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This Dairy Processing Tank is Fabricated 


From Type 202 Chromium-Manganese 
Stainless Steel. This grade is harder and 
has higher yield strength than its 18-8 coun- 
terpart. (Courtesy Cherry-Burrell Corp.) 


advantages. The procedure has demonstrated 
the feasibility of producing stainless sheets up 
to 120 in. wide — more than twice the width of 
light-gage sheets rolled by conventional methods. 

This size sheet eliminates many seams and 
joints necessary in the fabrication of large parts 
from narrower sheets. This also means faster 
production, less weight and reduced waste. 
Rolling can be done with power provided by 
existing mills, since assemblies have working 
characteristics of the carbon steel cover plates. 
Experiments to determine the best sandwich 
design and assembly method are now underway 
to increase the size of the prototypes produced 
so far. 

Decorative Stainless— The increased use of 
stainless steel in decorative applications has led 
to the development of new coloring processes 
and textures. Black stainless steel is being used 
Work is 
progressing on other colors and some are ex- 
pected to be available by the end of the year. 

Colorful porcelain enamel coatings can be 
applied continuously or discontinuously on stain- 
less steel sheets. Such sheets are finding more 
architectural applications in interior and ex- 
terior use. Textured stainless steels in a variety 
of new patterns are continuing to be specified 
for many product and architectural designs. 


on architectural and decorative parts. 
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What's New in Everydag Uses tor Metals 


Ferrous Castings 


By THOMAS E, EAGAN* 


Worn tHe Excertion of ductile iron and 
some new types of malleable iron, the composi- 
tions and properties of the ferrous metals used 
for castings have been known for many years. 
Emphasis: today is on methods to produce better 
castings at lower cost. Improvements in foundry 
practices are getting a lot of attention. Many 
foundries (including the nonferrous ones) are 
using the newer molding processes, such as in- 
vestment casting, shell molding, the CO, process, 
and cold set, to improve appearance and quality 
of castings. These processes may not neces- 
sarily reduce the cost of the casting, per se, but 
they produce parts which, because of trueness 
to size and improved surface, require less costly 
subsequent treatments. 

Gray Iron — Designers are realizing that gray 
iron covers a vast field of materials, each having 
engineering qualities which can be used to 
advantage. Excellent wear resistance, high 
dampening capacity, lower modulus of elasticity 
and good castability — all can be used advan- 
tageously. De mands for higher quality cast- 
ings have required an increase in metallurgical 
controls to parallel the introduction of better 
melting facilities. Control over raw materials, 
the use of inoculants, and a more efficient use 
of alloys are now commonplace, where a few 
years ago they were only applied by a few 
foundries. Water cooled cupolas, some using 
a preheated air blast, are coming into the picture. 
Some foundries have installed electric furnaces 
to duplex the iron produced. 

Nodular Iron — Since its introduction in 1949, 
the tonnage of castings made has more than 
doubled each year until now an impressive ton- 
nage is produced. Several new foundries have 
been started, or are being started, which will 
cast only nodular iron. It has been proved that 
the most economical way to melt for the nodular 
process is the basic method in contrast with acid 


practice. Sulphur, which is a rather serious 


*Chief Research Metallurgist, Cooper-Bessemer 
Corp., Grove City, Pa. 
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contaminant, can best be controlled by the basic 
process. The addition of small amounts of 
misch metal (about 50% cerium) to the ladle 
overcomes the deleterious effects of elements 
such as tin, lead, antimony, copper and titanium. 
This is used as insurance that the graphite will 
be in the nodular or spherulitic form. The intro 
duction of magnesium under pressure is being 
used in Europe but it needs considerably more 
refinement before it can be applied to operations 
in this country. This type of inoculation should 
be cheaper; it uses the magnesium somewhat 
more efficiently and eliminates many of the 
undesirable features of adding it as an alloy of 
iron, silicon, and nickel. 

Specifications — The great interest in nodulas 
iron is indicated by the fact that there are now 
three A.S.T.M. specifications for the material: 
Specification A339, for general use, calls for 
one grade with 80,000 psi. tensile strength, 60,000 
psi. yield strength and 3% elongation. The other 
grade requires 60,000 psi. tensile strength, 45,000 
psi. yield strength and 10% elongation. Speci- 
fication A395 covers metal when used for 
boiler-code conditions. It is somewhat more 
restrictive, requiring 60,000 psi. tensile strength, 
45,000 psi. yield strength and 15% elongation. 

Specification A 396 covers the higher strength 
materials obtained by either liquid quenching or 
by normalizing and tempering. One grade 
quires 120,000 psi. tensile strength, 90,000 psi. 
yield strength and 2% elongation. These proper- 
ties are obtained by liquid quenching and 
tempering. The other grade requires 100,000 
psi. tensile strength, 70,000 psi. yield strength 
and 3% elongation. These properties are ob 
tained by normalizing and tempering. All the 
tensile properties given above are minimum 
values. The A.S.M.E. Boiler Code has recently 
permitted nodular iron to be used at a maximum 
temperature of 650° F. and a maximum pressure 
of 1000 psi. 

The unique properties of nodular iron, such as 
excellent machinability, good castability, a favor- 
able range of mechanical properties (with no 
restrictions on size, weight or section thickness), 
are making it popular in many applications. We 
find it being used for such things as gears, valve 
parts, forming dies and hydraulic cylinders of all 
sizes and weights. 

Malleable Iron — Advances here have, for the 
most part, been in improved molding and melting 
practices. Production from malleable foundries 
usually consists of rather large quantities of parts 
of one pattern. This fits in well with the newer 
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molding techniques, such as shell molding, and 
is favorable for mechanization of molding opera- 
tions. Melting practice has been improved by 
the use of cupola-air furnace duplexing. Anneal- 
ing practices have been improved to give shorter 
evcles. The use of small quantities of boron and 
bismuth has increased the thickness of section 
that can be cast white — a main requirement for 
good malleable iron. 

The use of pearlitic malleable is increasing be- 
cause of improved annealing techniques to give 
needed properties. A number of crankshafts, 
most of which are used in trucks, are now made 
of pearlitic malleable. One automobile manu- 
facturer is using it for crankshafts in a current 
model. Pearlitic malleable has better machin- 
ability than forgings at the same hardness level. 

Pearlitic malleable is more or less in competi- 
tion with nodular iron —its greatest handicap 
being that section thicknesses are limited. One 
malleable foundry has patented a new analysis 
containing high sulphur which on subsequent 
annealing gives graphite in spherulitic form in- 
stead of the usual temper carbon, The claim is 
made that heavier sections can be handled with 
this analysis than normally considered practical. 

Steel Castings These are also being pro- 
duced by the newer molding techniques. Under 
the direction of the Steel Founders’ Society, steps 
are being taken to formulate specifications for 
the raw materials used. This will permit closer 
quality control on castings. Three such specifi- 
cations have now been issued and two or three 
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Small Nodular lron Castings Made to Conform to 
AS.T.M. Specification A 339, Grade 60-45-10 


additional ones are being worked up for is- 
suance later this year. 

Much needed information on tolerances of 
castings is being collected, which will result in 
realistic tolerance values and will eliminate some 
of the impossible tolerances now called for. 
Considerable work is being done to study the 
proper design of castings. Photo-elastic studies 
and destructive testing by fatigue and tension 
testing of L and box sections have shown the 
importance of ample radiuses of joining sections. 


A film on photo-elastic research prepared by 
Case Institute of Technology is available from 
Steel Founders’ Society, Cleveland. Research at 
M.LT. has shown that solidification segregation 
and stress concentration results when joining 
sections of various sizes together with certain 
radiuses. Such conditions lead to hot tears in the 


casting. Design rules have been prepared to 
assist in selecting the proper radiuses in joining 
section members. 

Alloy steel castings with tensile strength of 
150,000 to 250,000 psi. are being produced for 
aircraft and mining applications. Nuclear power 
uses are employing steel castings for operation at 
1000 to 1200°F. under high pressure. Better 
quality standards for valves, flanges, and fittings 
and other pipe components have been estab- 
lished. Standards, along with reference photo- 
graphs, for magnetic powder inspection have 
been formulated. 
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What's New in Everyday Uses for Metals 


Steels... 
Alloy and Carbon 


By E. W. HUSEMANN* 


Tue searcu for cheaper alloy steels has 
continued; several new grades have been devel- 
oped for gears, pinions and some automotive 
shafts. Three new molybdenum steels (A.1.S.1. 
4422, 4427, 4520) and one chromium-nickel- 
molybdenum type (A.LS.1. 4718) have entered 
this picture. A  chromium-vanadium steel 
(A.LS.1. 6118) for automotive shafts and steer- 
ing gear parts and a straight chromium grade 
(A.LS.I. 5115) for piston pin applications have 
been added as standard steels. Producers have 
been making these two grades for some time. 
The composition of these new steels is shown in 
the Data Sheet, page 120-B, which gives standard 
alloys based on the revised list released by 
A.LS.1. late in July. 

Fewer Alloys — The A.LS.L.’s list of standard 
alloy steels published last year (Metal Progress 
Data She vet, August 1957) contained substantially 
fewer alloys than the previous list released in 
1955. Steels such as the 2300, 2500 and some of 
the 3100 grades were dropped from the 1957 list 
because users had trouble getting them during 
the nickel shortage. They turned to other alloys 
and increased the carbon content to get the 
hardenability required. For example, a new 
alloy with no nickel, 4012, replaced 4608 for 
bearing applications. Alloy 8822 (used for pin- 
ions and gears) was added as an alternate to 
some of the 4800 steels. Some of the 8700's were 
taken out because it had been found that 8600's 
could be used in some applications to advantage 
and they are cheaper. 

The 1958 A.LS.I. list covered in the Data Sheet 
in this issue of Metal Progress shows a further 
curtailment in the 3100 grades with dropping of 
alloy 3135. Also, two standard and one tentative 
standard boron grades were eliminated. Users 
are turning to boron grades with higher carbon 

*Chief Metallurgist, Copperweld Steel Co., War- 
ren, Ohio. 
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to get improved physical properties which are 
needed for today’s more powerful engines 
Grade 9314 was taken off the new list; 
little used because 9310 was preferred in most 
applications. 

Triple - Alloy Grades — Nickel-chromium-mo- 
lybdenum steels, usually called triple-alloy or 
three- way alloy grades, may offer economy in 
use over cheaper single alloy compositions. Pro 
ducers generally prefer to make these grades — 
4300, 4700, $600, and 8700 types — because they 
can make more general use of scrap. The user 
may find that in a single alloy steel the residual 
nickel, chromium or molybdenum may vary from 
heat to heat. Potential difficulties include varia 
tions in hardenability and annealing and distor- 
tion trouble. 


it was 


The extra cost of a composition 
in which nickel, chromium and molybdenum are 
controlled may be repaid several times by more 
uniform heat treating results. 

Actually the combination of nickel, chromium 
and molybdenum is good because the elements 
complement each other to give toughness and 
ductility, hardness and depth of hardenability to 
the heat treated part. This applies to stee ls in 
both the carburizing and oil hardening ranges. 
The triple-alloy grades are excellent all-purpose 
steels and the selection of the proper grade 
should be made with design and use in mind. 

Boron Grades give mechanical properties after 


heat treating which are equivalent in many in 
stances to steels with higher alloy 
Boron is used most or in the 0.30 to 


content. 


94 B 30 and 94 B 40 
Grade 51 B 60 is used for 
various spring applications. Boron also improves 
the hardenability of bolting stock and fasteners. 

Carburizing Grades — Alloy steels continue to 
be important here. 


0.70% carbon range. Grades 


are used for spindles. 


A.LS.I. types include grades 
with small amounts of alloying elements, those 
with intermediate amounts, and grades with quite 
large amounts. Examples are: 4023 and 5015 for 
the low; 3120, 4118, 5120, 6120, 8620, and 8720 
for the intermediate; and 2317, 2515, 4320, and 
9310 for the high-alloy grades. 
Applications are for pins, bushings, 
bearings, pinions and similar parts. 
unit loads determine the 


gears, 
Stress and 
grade to be selected 
with the more highly alloyed grades being used 
to carry heavier loads. 

The carbon grades 1016, 1018, 1019, 1021 and 
1022 are popular for carburizing applications at 
lower stress levels where alloy steels are not re- 
quired. For carbo-nitriding, these grades plus 
1118, 1119, 1211, 1212 and 1213 are used. 
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No matter what you make... 


look to these two general purpose steels 
to standardize, simplify, and save money! 


1620 CARBURIZING 
1620 is a carburizing type that has consistently 


proved itself the ideal steel for a wide variety of car- 
burized parts. 4620 is easy to carburize and has a 


4340 THROUGILITARDENING 


1340 stands alone among medium carbon steels in its 
ability to provide maximum strength, ductility, tough- 


ness and resistance to fatigue in parts of medium to 
minimum tendency toward distortion in heat treatment 


hea cross section. 


AMERICAN STEEL Easy to Get... Both these steels are carried by many Steel Service Centers from 


coast to coast... ready for delivery on a “next door” basis. For a list of names 


and addresses of Steel Service Centers that carry AIST 4340 and 4620, write us. YIN 
THE INTERNATIONAL NICKEL COMPANY, INC. NCO, 
| 


| WAREHOUSE ASSN. 67 Wall Street New York 5, N.Y. 
TRADE MARK 
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A.LS.L. Standard Alloy Steel Compositions 


List as of 


Bi Openhearth and Electric Furnace Alloy Steels 
July 1958 


(Bars, billets, blooms and slabs up to 200 sq. in., 18 in. wide or 10,000 Ib.) 


A.LS.1. A.LS.I. 
NumeBer Number /(b) MN Cr 


Q 


5115 0.70-0.90 0.70-0.90 
5120 : 0.70-0.90 0.70-0.90 
5130 33 0.70-0.90 0.80-1.10 
5132 35 0.60-0.80 0.75-1.00 
5135 0:33-0.38 0.60-0.80 0.80-1.05 
5140 0.38-0.43 0.70-0.90 0.70-0.90 
5145 043-048 0.70-0.90 0.70-0.90 
5147 0.45-0.52 0.70-0.95 0.85-1.15 
5150 0.48-0.53  0.70-0.90 0.70-0.90 
5155 0.50-0.60 0.70-0.90 0.70-0.90 
5160 0.55-0.65 0.75-1.00 0.70-0.90 
0.20-0 30 E50100 0.95-1.10 0.25-0.45 0.40-0.60 
0.20-0.30 | £51100 0.95-1.10 0.25-0.45 0.90-1.15 
0.20-0.30 | £52100 0.95-1.10 0.25-0.45 1.30-1.60 
0.20-0.30 6118 0.16-0.21 0.50-0.70 0.50-0.70 0.10-0.15 V 
0.20-0.30} 0.17-0.22 0.70-0.90 0.70-0.90 0.10 min. V 
25 6150 0.48-0.53 0.70-0.90 0.80-1.10 0.15 min. V 
080-110 5-0. 8115 0.13-0.18 0.70-0.90 0.20-0.40 0.30-0.50 0.08-0.15 
080-1 10 81B45 043-048 0.75-1.00 0.20-040 0.35-0.55 0.08-0.15 


0.80-1.10 5- 8615 0.13-0.18 0.70-0.90 0.40-0.70 0.40-0.60 0.15-0.25 
0.90-1.20 8617 0.15-0.20 0.70-0.90 0.40-0.70 0.40-0.60 0.15-0.25 
0.80-1.10 5- 8620 0.18-0.23 0.70-0.90 0.40-0.70 0.40-0.60 0.15-0.25 
0.80-1.10 O.1f 8622 0.20-0.25 0.70-0.90 0.40-0.70 040-060 0.15-0.25 
0.80-1.10 5- 525 0.23-0.28 0.70-0.90 040-0.70 040-060 0.15-0.25 
0.80-1.10 0.15-0 25 527 0.25-0.30 0.70-0.90 0.40-0.70 040-060 0.15-0.25 
0.90-1.20 0.08-0.15 5: 0.28-0.33 0.70-0.90 0.40-0.70 0.40-0.60 0.15-0.25 
0.40-0.60 0.20-0.30 37 0.35-0.40 { 0.40-0.70 0.40-0.60 0.15-0.25 
0.70-0.90 0.20-0.30 0.38-0.43 0.40-0.70 040-060 0.15-0.25 
0.70-0.90 0.20-0.30 0.40-0.45 0.40-0.70 0.40-0.60 0.15-0.25 
0.70-0.90 0.20-0.30 5 0.43-0.48 ‘ 0.40-0.70 040-060 0.15-0.25 
38- or 65-0. 6: 0.70-0.90 0.20-0.30 0.43-0.48 0.40-0.70 0.40-0.60 0.15-0.25 
j 0.48-0.53 : 0.40-0.70 040-060 0.15-0.25 
0.50-0.60 0.7! 0.40-0.70 0.40-0.60 0.15-0.25 
0.18-0.23 90 0.40-0.70 0.40-0.60 0.20-0.30 
0.38-0.43 0.40-0.70 0.40-0.60 0.20-0.30 
040-045 0.75-1 00 0.40-0.70 0.40-0.60 0.20-0.30 
q OF 25! 50-0.6) .70-0.95 
0.50-0.70 0.90-1.20 0.35-0.55 0.15-0.25) 9260/7) 055-065 0.70-1.00 
030-0. 9262 0.55-0.65 0.75-1.00 0.25-0.40 
0.50-0.70 3. ‘25-3.75 .. 920-039] E9310 0.08-0.13 0.45-0.65 3.00-3.50 1.00-1.40 0.08-0.15 
0.30-0.50 94B15 0.13-0.18 0.75-1.00 0.30-0.60 030-050 0.08-0.15 
15 94B17 0.15-0.20 0.75-1.00 0.30-0.60 0.30-0.50 0.08-0.15 
50B40 /e) 15 94B30 0.28-0.33 0.75-1.00 0.30-0.60 030-050 0.08-0.15 
50B44 /e) : ; R 94B40 0.38-0.43 0.75-1.00 0.36-0.60 0.30-0.50 0.08-0.15 
fe) 43-056 9840 0.38-0.43 0.70-0.90 0.85-1.15 0.70-0.90 0.20-0.30 
50B60 /e) 0 40-060 9850 0.48-0.53 0.70-0.90 0.85-1.15 0.70-0.90 0.20-0.30 
51B60 / an Standard Nitriding Steel (g) 
€) 0.99-0.65 0.7 70-0.90 0.38-0.43  0.50-0.70 1.40-1.80 0.30-0.40 
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Note (a) — All chemical ranges and limits are sub- 0.35% c ‘ke 20%. chr 
or under specification. Numt 

Note (b)—Numbers with prefix E are generally; ard 
made in basic electric furnaces and unless otherwise E 
noted the following specifications hold: phosphorus NoTE (Cc) When this steel is made in openhearth 
0.025% max., sulphur 0.025% max., silicon 0.20 to 0.35” furnaces the manganese is 0.45 to 0.60’ 

Numbers without letter prefix are ordinarily made Note /d) 
in basic openhearth furnaces and unless otherwise noted 0.050% 
the following specifications hold: phosphorus 0.040% sail 
max., sulphur 0.040% max., silicon 0.20 to 0.35%. NOTE /e) rhis steel can be expected to have 

? 0.0005% min. boron. 

Specification limits for the acid electric and acid 
openhearth processes are: phosphorus 0.050% max., Nore (1) Silico-manganese steels; silicon range ts 
sulphur 0.050% max., silicon 0.15 to 0.35%. 1.80 to 2.20% 

In all processes the maximum allowable quantities Note (g/—The standard nitriding steel has silicon 
of unspecified and incidental elements are as foilows: 0.20-0.40 and aluminum 0.95-1.30 


Resulphurized steels; sulphur is 0.035 to 
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Heat treated with AEROHEAT 1400, Nichromet V stands up 


to the toughest assignments .. . 
important 


punishment-taking heating 


was chosen for the all- 
elements in the 


ultra-modern strip furnaces at the Carnegie-Illinois Steel 


Corporation’s Vandergrift plant. 


WHY DRIVER-HARRIS HEATING ELEMENTS 
RATE WORLD'S TOUGHEST ASSIGNMENTS 


The leading manufacturer of elec- 
tric heating and resistance alloys, 
Driver-Harris Company of Harri- 
son, New Jersey, knows the vital 
importance of selecting the right 
heat treating compound. That’s why 
the company chooses from Cyan- 
amid’s comprehensive range of 
AEROHEAT compounds to give each 
alloy its particular characteristics. 


Driver-Harris, for example, uses 
AEROHEAT 1400 in the manufacture 
of Nichromet V, universally recog- 
nized as the outstanding heat-re- 
sistant and corrosion-resistant al- 
loy. AEROHEAT 1400 plays a big 
part in giving Nichromet V its ex- 


4 Driver-Harris Co 


ceptional uniformity, the ability to 
retain its physical and electrical 
properties at elevated temperatures, 
and the toughness to withstand the 
most punishing conditions. 
You too can upgrade your products, 
lower your costs with AEROHEAT 
Heat Treating compounds. For de- 
tails, just call your Cyanamid Metal 
Chemicals representative. 
Cyanamid’s heat treating com- 
pounds include: 
AFROCARB® Carburizing 
Compounds 
AEROCASE® Case Hardening 
Compounds 
AEROHEAT Heat Treating Salts 


Other products for metal process- 
ing include: 


AEROBRITE® Metal Processing 
Aids 


AEROSOL" Surface Active Agents 

AERO* Metallic Stearates 

AEROMET® Metallurgical Additive 

AERO* Calcium Carbide 

Acids, Alkalis and other Heavy 
Chemicals. 


American Cyanamid Company, 
ess Chemicals Department, 30 Rocke 
feller Plaza, Ne Ww York 20, Ne Yo k. 
In Canada: Cyanamid of Canada 
Limited, Montreal and Toronto 


*T.M. Cyanamid 
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Bausch & Lamb salutes... 
Domenic J.Molella 


..» Blue Ribbon Award Winner, 1957 A. S. M. Metallographic Exhibit 


BLUE RIBBON AWARD 
WINNER for best 
photomicrograph showing 
transition during processing 
—WMr. Domenic J. Molella, 
Metallurgist, 

Picatinny Arsenal, 

Dover, New Jersey. 


HIS AWARD-WINNING 
PHOTOMICROGRAPH, 
MADE WITH A 

BAUSCH & LOMB 
METALLOGRAPH— 
Variations in Microstructure 
and ‘‘Knoop" Hardness of 
Deposited Layers across the 
Wali of an Electroformed 
Copper Cone. 


Bausch & Lomb Metallographs help industry boost 
output and maintain quality by providing detailed magnified 
images—visual or photographic—for routine work and advanced research. 
The B&L Research Metallograph is one of a complete line of metallographic equipments. 
It provides ready choice of four different views of the same sample—by bright 
field, dark field, polarized light, or phase contrast—ensuring complete identification. 


Find out how these faster, easier, completely dependable analyses can help you save on 
time and materials. Write for Catalog E-240, and for complete 
expert advisory service. No obligation, of course. Also, 
limited edition brochure of this Blue Ribbon Award series, 
on request. Bausch & Lomb Optical Co., 64834 St. Paul 
St., Rochester 2, New York. 


America’s only complete optical source... from glass to finished product. BAUSCH LOM 
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Nitriding — This 


process 


develops a 


case 


hardened skin which has excellent resistance to 
Nitriding 
is used with heat treated bars because any free 
Steels 
containing appreciable amounts of aluminum 
overcame these difficulties, which led to the de- 
velopment of the Nitralloy analyses. For many 
years the nitriding process has been used with 


wear and good antigalling properties. 


ferrite causes brittleness and spalling. 


these grades, and a standard composition was 
given for the first time in the A.LS.1.’s 1957 list. 

Recent work has shown that both 4140 and 
1340, heat treated prior to nitriding (a processing 
step similar to that used with the regular Nitral- 
loy grades), give excellent results. We feel there 
will be more activity in this direction 

Induction Hardening — This method of heat 
treatment is making it possible to change from 
alloy to lower cost carbon steels in some applica- 
tions. One example is automotive axles. A part 
can be considered for this change where the 
stress pattern is such that the shallow pattern 
typical of carbon steels is adequate. Induction 
hardening is readily incorporated into mechan- 
ized operations; in one instance, it's done as one 
stage of an automatic screw machine operation. 

Leaded Steels — Outstanding property of 
leaded steels is improved machinability. Enough 
lead is added to meet the range of 0.15 to 0.35%. 
Lead lubricates the cutting action of the tool — 
allows heavier cuts and faster speeds. Longer 
tool life comes from lower temperature at the 
tool-part interface. 
tained. 


Better surface finish is ob- 
In some instances, a roughing out may 
give the surface needed without a final finishing 
operation. 

It is now fairly well established that lead has 
little effect on the tensile properties of alloy steels 


Interior Trim Parts of 1958 
Automobiles Made of 22-Gage, 
Cold Rolled Steel Sheets to 
Which Has Been Bonded a mt 
Layer of Vinyl Plastic. The alt 
auto parts are shown on a . 
folding table which also has 
a vinyl-clad top. (Courtesy 
Jones & Laughlin Steel Corp.) 


apart from a slight loss of ductility and perhaps 
impact strength. These are not serious enough 
to be of concern. Hardenability is equivalent. 
Leaded steels may be treated in the same manner 
as their non-leaded counterparts if certain pre- 
cautions in cutting and welding are recognized 
and allowed for. 

Leaded grades do not require modifications in 
forging practice. Forged parts have the same 
machinability as those made from leaded steel 
bars. Gear cutting, milling, drilling, boring, 
threading, go faster on leaded grades. A carbon 
grade leaded plate is finding use in applications 
where extensive machining or drilling is needed. 
Leaded bar and wire grades, such as 1010 and 
1018, are coming into use in operations where 
cold heading is combined with machining. Here 
it has been found that leaded steels have better 
flowability than resulphurized grades. 

Practically all standard A.L.S.1. carbon and 
constructional alloy steels are available in leaded 
grades. Carburizing steels referred to above are 
used in leaded grades where machinability is a 
factor. Most leaded steel bars for making ma- 
chined parts are purchased in the cold finished 
condition. 

Cold Forming — Developments in cold extru- 
sion and cold heading provesses are making it 
possible for manufacturers to use bar stock to 
form a variety of parts. Pins, bushings, bearing 
cups, spark plug shells, fasteners, and gears of 
various types are extruded and machined as re- 
quired to form the finished part. Advantages 
include such things as less machining, better 
mechanical properties (which may eliminate a 
heat treating operation), more efficient use of 
materials (less scrap), better finish and elimina- 
tion of intermediate operations. 


. 
> 
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Usually round bar stock of low-carbon alumi- 
num-killed steel is used. The smaller parts may 
be made by an upsetting or sizing operation 
followed by annealing, phosphate coating and a 
single cold extrusion. Larger parts may require 
multiple extrusion stages, using intermediate 
anneals, because of work hardening of the piece. 
Increased metallurgical know-how is making it 
possible to use steels with higher carbon content 
or with more alloy than was thought possible in 
the past. 

Advances in lubricants for cold heading are 
expanding the potential of this process. One 
trend is toward larger parts — fasteners for ex- 
ample —so that one large fastener can do the 
job which formerly required several smaller ones. 
Higher carbon steels, such as 1040 and 1041, are 
being used to realize improved hardenability for 
higher strength. So-called “warm heading” is 
expected to open up new applications, and satis- 
factory lubricants are becoming available for this 
process. 

High-Strength Steels — Today, more than eve: 
before, attention is focused on metals with better 
strength-to-weight ratios to make products 
smaller, lighter and stronger. A special group of 
steels is tailored to a variety of tonnage applica- 
tions where a_ relatively inexpensive, high- 
strength, easily fabricated metal is needed. This 
family of steels, known as high-strength low- 
alloy steels, comprises more than 20 proprietary 
compositions. Their strength (as measured by 
yield point) is some 50% higher than that of 
structural carbon grades. Generally, they are 
furnished in the as-rolled condition to minimum 
vield aad of 50,000 psi. in thicknesses up to 
about % in. Their resistance to abrasion and 
corrosion is mek Although they cost more than 
carbon grades, they are paying their way in a 
diversity of products. Steels are also available at 
several higher intermediate-strength levels. For 
example, a quenched and tempered low-alloy 
steel is produced to a minimum yield strength of 
90,000 psi. Its combination of high strength and 
toughness adapts it to many heavy-duty uses. 

Super Strength Steels —A group of low-alloy 
hardenable engineering steels are being used 
where ultra high strength is needed. Parts made 
from 4340 and similar alloy types have been heat 
treated to 260,000 to 280,000 psi. and some com- 
positions have reached the 325,000-psi. level. 
Ductility at these strength levels is necessary, 
particularly in the transverse direction. This 
mechanical property requirement is expected to 
go higher. It appears that such factors as non- 
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metallic inclusions and percentage reduction 
from the ingot have an appreciable effect on the 
mechanical properties. 

Formability* — Modern styling of automotive 
and many other products is making increased 
metallurgical demands on hot and cold rolled 
steels. The selection of the proper type of sheet 
steel to produce the needed part under most 
economical conditions is an important considera- 
tion to users. With cold rolled sheets, there are 
three principal qualities available: commercial 
quality, drawing quality rimmed and drawing 
quality killed. If the part involves simple bend- 
ing, moderate forming, or only slight stretching, 
commercial quality is a good selection. This as- 
sumes that part design and die practice will 
accommodate material approaching maximum 
hardness of Rockwell B-60. If light stretching 
is applied to a part which must be free of surface 
disturbances, known as stretcher strains, com 
mercial quality should not be considered unless 
an efficient roller leveler is e mployed imme- 
diately before stamping. Also the metal should 
be fabricated within a reasonably short time 
after it arrives in the plant. 

For parts requiring a significant degree of 
stretching and drawing, the proper quality should 
be drawing quality rimmed. If the part must be 
free of stretcher strains, efficient roller leveling 
should be used immediately before stamping, 
and fabrication should be done within a reason- 
ably short time after steel is received. For parts 
of a critical drawing nature, or those which must 
be free of stretcher strains after drawing, mate- 
rial specified should be drawing quality killed. 
This is particularly true if no roller leveling is to 
be used or if an appreciable time lag is expected 
between receipt of steel and its fabrication 
into parts. 

Hot Finished Grades — Hot rolled or hot rolled 
pickled sheets may be specified in the same three 
qualities with forming properties improved at 
each quality level. However, these two grades 
do not possess drawing properties equivalent to 
cold rolled sheet and caution must be exercised 
when considering them for parts with drawn or 
severely stretched areas, particularly in the 
lighter gages. 

Deciding on the most suitable quality for 

*This section adapted from information sup 
plied by Charles Buker, Supervisor, Product Tech- 
nical Services, Jones & Laughlin Steel Corp. The 
author also acknowledges assistance from American 
Steel & Wire Div. of U.S. Steel Corp., Bethlehem 


Steel Co., and Republic Steel Corp. in various sec 
tions of this report. 
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either cold rolled or hot rolled sheets is not al- 
ways simple, because often times the decision 
must be made using a blueprint or model of the 
finished part. It’s usually most economical to 
specify the quality which will assure satisfactory 
performance and then try to use lesser qualities 
after actual die experience has been gained. 
(Helpful suggestions on determining quality re- 
quirements are given in an article prepared by 
an & Committee on Formability of Sheet Ste el, 
published in Metal Progress, Aug. 15, 1955, as a 
supplement to the @ Metals Handbook.) 

Keep Finish in Mind — Users are finding that 
in many instances they can economize on a final 
product by se lecting a material with a finish 
tailored as closely as possible to their final needs. 
Even though the material may cost more, savings 
come from elimination of extra steps in fabricat 


What's New in Everydag Uses for Metals 


Copper... 
Wrought Alloys 


By ARTHUR 1. HEIM* 


"Tue wast of standard commercial wrought 
copper and copper-base alloys, issued by Copper 
and Brass Research Assoc. in January this year 
(in revised form), contains 42 alloys which are 
standard in the sense that over a period of years 
they have been the alloys most commonly ordered 
by users in large quantities. Alloys range from 
commercially pure coppers to those categorized 
generally as nonleaded brasses, leaded brasses, 
tin and aluminum brasses, phosphor bronzes, 
cupronickel and nickel silvers and silicon bronzes. 
In addition to these, many special and proprie- 
tary alloys are available for various uses, in- 
cluding aluminum bronzes, cadmium bronzes, 
beryllium coppers, aluminum-tin bronzes, and 
copper-chromium alloys. 

Among the copper- -base alloys are those with 
*Research Engineer, Copper and Brass Research 
Assoc., New. York. 
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A number of new areas are 
opening up in embossed and pre-finished steels. 
bright-finished aluminum-coated steel wire 
will be available in the near future offering 
decorative and corrosion resistant propert es. 
Cold rolled steel sheets, clad with a layer of 
vinyl plastic, offer new possibilities in decorative 
applications. 


ing and finishing. 


Parts produced from this com- 
posite material are being used in 1958 automo- 
biles and it’s expected to find numerous other 
uses such as in appliances, furniture and other 
home applications. It combines the strength of 
steel with the chemical resistance of vinyl and is 
cigarette-burn proof, stainproof and scratchproof. 
Parts may be formed by shearing, punching, 
drilling, brake press beinding, roll forming and 
cold drawing without affecting the bond between 
the vinyl coating and the steel. 


most of the alloys also 
Othe 
electrical and 


excellent machinability; 
fabricating characteristics. 
high 


good corrosion resistance 


offer superior f 
useful properties include 
thermal conductivity, 
and low magnetic permeability. They have a 
broad range of attractive colors: the red of cop- 
per, the yellow of brass and the silvery-white of 
the nickel-silver copper alloys, for example. 

Fine-Grain Phosphor Bronze — The perform- 
ance of fine-grain phosphor bronze spring wire 
shows up well in the report of a consulting engi- 
neering firm which had tested it on a Comaco 
Elasticometer precision testing instrument. 
Stresses were as follows: 

Stress at initial installed position — 36,600 psi. 

Stress at final deflected position — 73,200 psi. 

Stress range during deflection — 36,600 psi. 

Results showed that the springs were still 
satisfactory with no appreciable loss of load after 
2,000,000 deflections and demonstrated that high 
endurance and long fatigue life at high stresses 
can be expected from springs made of this fine- 
grain phosphor bronze. 

Better Formability—A_ relatively new, fine- 
grain drawing brass has proven a boon to manu- 
facturers because in many instances it eliminates 
certain finishing operations. One user, for ex- 
ample, reports savings up to 40% on polishing 
such deep drawn products as pens, pencils, lip- 
stick cases and miniature flashlight cases. An- 
other, a maker of solid brass lighting fixtures, was 
plagued with a bottleneck in his polishing room 
until he turned to fine-grained brass. The bot- 
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tleneck was eliminated and polishing cost savings 
on various items ran 62, 45, 45 and 55%. 

An entirely new concept in a phosphor bronze 
strip product has emerged: a spring temper, 
phosphor bronze with increased ductility of 
200% or more. It is available in three grades. 
The new metal promises better formability, 
greater part uniformity and less tool wear, yet 
it retains all the strength and hardness of regu- 
lar spring temper bronze. These advantages, 
along with a suitability for more intricate parts, 
give this copper alloy added appeal for tool de- 
signers. 

Special continuous casting techniques are pro- 
ducing phosphor bronze bridge plates free from 


blowholes, porosity, and cracks. The bridge 


plates are cold rolled to a required size. Phos- 
phor bronze is preferred for the plates because 
of its resistance to corrosion and its low coeffi- 
cient of friction. 


Also, it has good resistance to 
abrasion and wear. 

Nickel-Silicon Bronze — This corrosion resist- 
ant alloy has high yield strength and high 
ultimate tensile strength, even at elevated tem- 
peratures. Consisting of 97.5% Cu, 1.9% Ni and 
0.6% Si, it is age hardenable and is available in 
soft, intermediate, and hard tempers. Age hard- 
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These Segmented Brass Gears Are Pro- 
duced for Use in Fire Alarm Boxes for 
Sounding Distinctive Coding Signals 
Courtesy Edwards Co., Norwalk, Conn 


ening of the alloy is carried out at 900° F. for 
90 min. The new alloy is available in a variety 
of cross sections and dimensions, in straight 
lengths of rod and bar, and coils of round, 
rectangular, and square rolled and drawn wire. 

Stress-corrosion cracking has been dealt a blow 
y. The alloy 
eliminates the need to stress-relieve all finished 
fabrications as a precaution against stress-cor- 
rosion cracking. 


by a new aluminum bronze alloy. 


It also permits alterations or 
repairs in the field without heat treatment. The 
new alloy should be useful for equipment in 
chemical processing, petro-chemical, petroleum, 
distillation and others where applications have 
been confined to nickel bearing and_ stainless 
steel alloys. 

Embossed Designs — A variety of art metal for 
designers is available in a wide selection of pat- 
terns cold rolled on copper, brass, bronze and 
some of the nickel silvers. New and exclusive 
designs can be produced on special order. The 
product is supplied in flat strips or rolls, and wo 
soft annealed or commercially hard tempers. 
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Swimming Pools — The backyard swimming 
pool makes an important use of copper in its 
heating apparatus. One gas-fired, instant heat 
boiler has a combustion chamber formed of cop- 


per sheet. The water for heating is circulated 


Whats New in Evergdag Uses tor Metals 


Magnesium 


By C. E. NELSON* 


the trend of older imictals, 
magnesium is becoming more of a mill product 
material, A recent development is precision 
shaved extrusions. An extruded magnesium part 
at room temperature) is pulled through a die, 
smaller than the extrusion, which is 
Metal is 
shaved from the surface to give an extrusion with 


slightly 
equipped with sharp cutting edges. 


close tolerance and good surface finish. 

\ new magnesium alloy, designated K 1X 1, 
has exceptionally high damping capacity. Bell 
Telephone Laboratories has led in the develop- 
ment of uses for it which are expected to include 
missile and aircraft electronic equipment. Work 
to develop improved fasteners for magnesium is 
in progress. Purpose is to reduce galvanic cor- 
rosion and to produce fasteners suitable for 
elevated-temperature use. Magnesium tooling 
plate is now being produced in closer flatness 
tolerances permitting a one-third reduction in 
the guaranteed deviation from flatness. 

Thin Wall Castings — This technique for mag- 
nesium, under development for some years, is 
now in production use. Sections with small 
cross-sectional area are being cast as thin as 
0.010 in. 
tion of large castings with relatively thin walls. 


Even more significant is the produc- 


The air scoop of the Regulus II missile, which is 
a one-piece, 150-Ib. casting in AZ 91 C alloy, has 
Its solid 
leading edge tapers to a 0.015-in. cast radius. 


a nominal wall thickness of 0.240 in. 


*Technical Director, Magnesium Dept., Dow 
Chemical Co., Midland, Mich. 
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around the chamber through 5-in. soft copper 
tube brazed to the sheet and into a fin-and-tube 
copper coil at the top. Copper’s resistance to 
corrosion and excellent thermal conductivity 
make it especially useful for this application. 


The Regulus II's split clamshell, vertical fin tip, 
also designed in AZ 91 C alloy, is cast to a thick- 
ness of about 0.120 in. 

Die Castings — Development of a hot-chamber 
die-casting process several years ago put mag- 
nesium casting rates ahead of aluminum and 
about even with zinc. Now a new cold-chamber, 
automatic metering process shows promise of 
bringing significant cost reductions. This new 
technique eliminates hand-ladling of metal, and 
is more economical to install and operate than 
the hot chamber method. Also it is almost as 
fast. Production rates up to the cooling capacity 
of the dies are possible. Peak rates of 700 shots 
per hr. have been realized with small magnesium 
parts. 

Extrusions — The pellet process is giving 
stronger extrusions with minimum compressive 
vield strength up to 35,000 psi. This is as much 
as 40% higher than most sections extruded from 
ingots. The higher strength of pellet extrusions 
is due to the fact that the strength of magnesium 
wrought section varies inversely with its grain 
size. The spherical pellets used in these extru- 
sions are about 0.016 in. in diameter and are very 
fine grained. It's expected that even higher 
strength sections will be possible by this tech- 
nique in the future. 

Development of solution heat treatment and 
aging of magnesium forgings from alloy ZK 60 A 
offers a substantial increase in their tensile yield 
and creep strengths and a lesser increase in ulti- 
mate tensile strength. The treatment (to the T 6 
condition) primarily affects large magnesium 
forgings; properties realized should easily exceed 
the minimum required by Government specifica- 
tions. A large aircraft wheel forging, after T 6 
treatment, has tensile yield strength of 44,000 psi. 
and ultimate tensile strength of 48,000, compared 
to tensile yield strength of 29,000 and ultimate 
tensile strength of 44,000 with only T 5 (artificial 
aging) treatment. 

Dip Brazing — This process is in production- 
line use by a manufacturer of wave guides and 


other components of air-borne radar equipment. 


Dip brazing is useful when the design involves 
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complex joints that are difficult to reach with a 
welding torch, or where tolerances are so close 
that shrinkage and warpage associated with 
fusion welding become a problem. In dip braz- 
ing, the parts to be joined are immersed in a 
molten flux bath having a temperature below the 
melting point of the parts, but above the melting 
point of the brazing alloy. 

Plating on Magnesium — An electroless nickel 
plating process is now available for magnesium. 
Parts are immersed in a special nickel solution 
and plated without use of electric current. The 
result: a simpler process than electroplating on 
magnesium and a better nickel coating. The 
nickel coating uniformly covers all surfaces, in- 
cluding the inside of drilled holes and other 
recesses. Zinc immersion plus copper strike (a 
necessary step in electroplating nickel on mag- 
nesium) is used with the electroless process only 
if maximum corrosion protection is required. 

Weight Saving — Magnesium traditionally has 
been used where light weight and good strength 
are required. Missile designers are finding that 


126 


Machining Magnesium Tooling Plate. This =— 


is now being made with closer flatness tolerances 


the thickness of a magnesium section can be in- 
creased to pre duce maximum resistance to com- 
pression buckling or maximum rigidity without a 
weight penalty. Significant amounts of mag- 
nesium are being used in at least 20 different 
missiles at this time. 

In another military area, ground vehicles, sub- 
stantial uses for magnesium seem to be develop- 
ing. The Army's “Mechanical Mule” is basically 
a platform of magnesium extrusions mounted on 
sand-cast magnesium wheels. It may be the 
first of a line of military vehicles using large 
amounts of magnesium in their structures. Work 
is now in progress on a prototype magnesium 
hull for an armored carrier. This experimental 
vehicle, also, will be equipped with magnesium 
wheels. These developments stem from the 
Army's new emphasis on speed and lightness for 
air transport. 

The close tolerances possible with magnesium 
die castings have led to their use in a precision 
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recording tape reel. Magnesium’s light weight 
permitted the reel to be designed with extra 
thickness and rigidity without a weight penalty. 
The metal’s excellent dimensional stability was 
another factor in its selection. These reels are 
finished with a new clear Dow 17 anodize. 
Weight savings in small parts add up to an 
appreciable over-all savings when the parts are 
used in large quantities. A case in point is an 
electrical connector plug designed for the B-58. 
An all-magnesium, die-cast shell gave a part 
which was 26% lighter than the previous design. 
The magnesium shell also meets rigorous en- 
vironmental and tolerance requirements. 
Portable Equipment — Portable chain saws 
with a higher horsepower-to-weight ratio than 
ever before achieved are being produced using a 
variety of Another 


magnesium die castings. 


Whats New in Everydag Uses tor Metals 


Nonferrous Castings 


By D. L. COLWELL* 


Castine alloys which give high 
strength without heat treatment, such as the 
A.S.T.M. ZG and GM series, are now well estab- 
lished in specifications. Their use, to avoid 
expense of heat treating, is increasing. The two 
widely used aluminum casting alloys where 
heat treating is employed, SG 70 A and SC 51 A, 
are also undergoing changes to give improved 
mechanical properties. For high strength proper- 
ties, it is becoming common to use aluminum of 
With iron content held 
to a maximum of 0.15 or 0.20% in SG 70A and 
SC 51A type castings, elongations obtained are 
high; heat treatment can be adjusted to produce 
a higher yield strength and still give elongations 
of 5% or more. A military specification for these 
alloys, allowing 0.20% 
prepared. 


99.5% minimum purity. 


maximum iron, has been 
The A.S.T.M. is working on similar 
*\ ice-President, 


Apex Smelting Co., Cleveland. 
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recent magnesium contribution to the portable 
tool field is a new air-driven tool, weighing 4 Ib. 
One of the 
latest developments in the office equipment field 
is a pocket-size 


used for fastening steel strapping. 


tape recorder which uses a mag- 
nesium case and magazine, and weighs less than 


3 Ib. 


Materials handling equipment, which must 
itself be handled, continues to make effective use 
of magnesium. New items recently put on the 
market include a yard ramp with a manually 
operated hydraulic lift to provide the desired 
elevation. This ramp, which is 30 ft. long, 70 in. 
wide with a load capacity of 16,000 lb., weighs 
just 2010 Ib. A magnesium ladder manufacturer 
has added a utility platform and scaffolding to 
his line. Here magnesium extrusions give a 


sturdy structure with minimum weight. 


specifications where iron limits may be held to 
an even lower figure. 

One variety of high- purity SG 70 A has ap- 
peared containing about 0.25% beryllium which 
decreases oxidation in the ioaidin but increases 
the cost. The properties obtained are about the 
same as those obtained with the regular high- 
purity grades. 


High-Silicon Alloys — Wide 


evidenced in the 


being 
hypereutectic aluminum-sili- 
These 


alloys have been known for at least 25 vears but 


interest is 
con alloys containing 20% silicon or more. 


interest has been revived, particularly for auto- 
motive engine uses, because of improved ma- 
chinability secured by addition of phosphorus. 
This has reached the produc tion stage in Europe. 
These alloys are being considered in this country 
for use in pistons, brakes and similar parts. 
Higher Zinc Content — The commonly used 
aluminum die-casting alloy, SC 84 A, has, in the 
past, been limited to 1% zine content maximum. 
However, the use of this alloy with 2 or 3% zine 
content is rapidly supe rseding the 1% limit. 
Mechanical properties of alloys with higher zinc 
are about the same as those with 1%, but both 
tremendously 
Specifications are being prepared. 
The A.S.T.M. has completed action to elim- 
inate alloys SC 64A and SC 64C., 
had become obsolete and the 


castability and machinability are 
improved. 


The former 
latter has been 
superseded by SC 64D which specifies a mag- 
nesium limit of 0.10% instead of 0.50%. The 
harmful effects of the higher magnesium content 


127 


Using Zine Die Castings, C. G. Conn, Ltd., 
Found It More Economical to Obtain a 
- High-Polish Jewelry Finish on These Clari- 
net Keys. (Courtesy New Jersey Zinc Co.) 


were so serious that it was felt unwise to include 
it in specifications. 

Impact Extrusions — Automotive pistons made 
by impact extrusion from aluminum-silicon alloy 
slugs produced by the continuous casting proc- 
ess are now commercially available. They are 
said to have the advantage of higher strength- 
to-weight ratio with corresponding beneficial 
effect on engine performance. 

An aluminum die-casting alloy which can be 
anodized is a new development. Because of the 
absence of copper and silicon and close control 
of iron and manganese, good anodizing charac- 
teristics are obtained. Castability is not as good 
as in aluminum-silicon alloys, but some fairly 
complicated castings have been made. 

The question of suitable steels for die-casting 
dies has always been troublesome. Progress is 
being made on the use of cast toolsteel inserts 
which are much less expensive than forged in- 
serts and give similar service life. Pure mo- 
lybdenum has also been used with improved 
service life, but at greater expense. 
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Duplicate Test Bars — Considerable develop- 
ment work to study methods for producing cast- 
ings with properties equal to those of separately 
cast test bars is under way. An extensive in 
vestigation has been sponsored by the American 
Foundrymen’s Battelle Memorial 
Institute and a series of experiments has been 
conducted at Massachusetts Institute of Tech- 
nology. The Battelle work establishes principles 
necessary for correct gating and the M.LT. 
studies emphasize the importance of rapid and 
progressive solidification for the improvement of 
mechanical properties, particularly in 
critical sections. 


Society at 


certain 


Zinc-Base Die Castings — Their use in auto- 
motive applications is increasing. 13 Ib. 
used in the average car in 1950, they reached 
about 65 Ib. average in 1957. 


From 


Improvements in 
gating are said to give better weathering proper 
ties in plated zinc-base die castings. It’s also 
reported that die castings produced in vacuum 
give an improved surface for plating. 
Magnesium Castings — Interest in new mag 
nesium-base with 


properties is increasing. 


alloys higher mechanical 
The EK series, with 
additions of rare earths and zirconium, the HK 
alloys containing thorium and zirconium, and the 
ZH and ZK alloys containing zinc with rare 
earths and zirconium, respectively, give mechani 
cal properties as high as 35,000 psi. tensile 
strength and 4% elongation in the sand cast 
(T 5) condition. Tensile strength is as much as 
40,000 psi. with 5% elongation in the sand-cast 
T 6 and T7 condition. 

In both sand and permanent mold castings 
these new magnesium alloys have better proper 
ties at high temperatures than the usual magne 
sium-aluminum-zine alloys. 

New magnesium alloys are being developed 
for atomic reactor applications and also for su- 
perior damping characteristics. These have not 
While die cast- 
ing of magnesium has not approached the volume 
for aluminum alloys, it has been given impetus 
by the new Dow development where the metal 
is introduced into the cold chamber by a meter- 
ing device which 


yet reached specification stage. 


measures the 
amount needed and at the same time protects it 
from oxidation (also see page 125). With the 
development of new high-strength alloys and 
improvements in casting techniques, it's expected 
that magnesium castings will become more and 
more important in the production of all kinds of 
products where light weight and excellent ma- 
chinability are required. 


accurately 
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Whats New in Everyday Uses tor Metals 


Cast High Alloys 


BY E. A. SCHOEFER* 


Tx HIGH-STRENGTH resistant 


CD-4MCu alloy has aroused considerable inter- 


corrosion 


est since its introduction about a year ago. The 
new alloy is finding many applications as a re- 
placement for “comparable” 18-8 stainless alloys. 
It has about double the mechanical strength of 
the 18-8 grades, while its corrosion resistance is 
about the same. The outlook for this precipita- 
tion hardening alloy is brightest where combina- 
tions of severe corrosive conditions and mechani- 
cal stress exist. Uses include special valves, 
pumps, fittings, and high-pressure components. 
The alloy has the following composition: 
25 to 27% Cr; 4.75 to 6.00% Ni; 0.040% max C; 
1.75 to 2.25% Mo; 2.75 to 3.25% Cu; 1.00 max. 
Mn; 1.00% max. Si; 0.04% max. P; 0.04% max. S. 
When the alloy is precipitation hardened (3 hr. 
at $50 to 950° F.), typical properties are: hard- 
ness, Brinell 300; tensile strength, 140,000 psi.; 
vield strength, 100,000 psi. 

Parts for Atomic Energy — Many of the pumps, 
valves and fittings being installed in Detroit 
Edison's Enrico Fermi nuclear power plant and 

*Executive Vice-President, Alloy Casting Insti 
tute, Mineola, N.Y. 


This Casting Is Made From A.C.1.’s New Harden- 
able Cast Stainless Alloy, Designated CD-4MCu 
It is 12 in. high and 8 in. across the major diameter, 
with a cored out conical shape roughly approxi- 
mating the outside shape. The casting will be 
used as a nozzle tip in a water jet pump employed 
for removal of power house ash. The ejector tip 
is age hardened to Brinell 321, after machining 


the SPERT-III pressurized water reactor are 
made of Type CF-4 (extra-low carbon 18-8) alloy. 
Type CF-5 (0.08% C max.) alloy, however, meets 
all requirements for use in the primary coolant 
loops of the pressurized water reactors, and is 
being increasingly specified. The Shippingport 
Atomic Power Station uses an 8000-lb. pump 
casing and 18-in. valve bodies — all cast of Type 
CF-8 — in each of its four primary coolant loops. 

In the Yankee Atomic Electric Co. and Con- 
solidated Edison nuclear power plants, now 
under construction, 15,000-lb. pump casings have 
been designed to be cast in Type CF-8 alloy. 
Capacity of the pumps will be 24,000 gal. per 
min. These large cast stainless units meet all 
requirements of the A.S.M.E. Power Boiler and 
Unfired Pressure Vessel Code. 

Highly corrosive rocket fuels are being han- 
dled by corrosion resistant castings, and heat 
resistant castings are being used for components 
in launching devices. Centrifugally cast valve 
bodies of Type CF-S, weighing about 180 Ib., are 
used in connection with the Atlas ICBM. Rede- 
signed from welded construction at a cost saving 
of about 30%, these valves can withstand severe 
thermal and mechanical shock from —65° to 
nearly 500° F. 

New Production Techniques — Greater use is 
being made of CO, molding. This new tech- 
nique is especially advantageous in the produc- 
tion of cores. It is being extensively used with 
shell molding in high-volume production. Use 
of the shell molding process is growing, espe- 
cially for volume production of such units as 
valves, pumps and fittings. 

Exothermic materials are finding wider appli- 
cation, particularly where the production of 
larger castings is taxing melting capacity. The 
use of exothermic sleeves on risers permits more 
efficient use of available molten metal in the 
manufacture of some types of castings. 

Trends — More high-alloy castings are being 
used because processing conditions are involving 
either more severe corrosion or higher tempera- 
tures. This is true in industries such as pulp and 
paper production, atomic energy, petrochemical 
processing and conventional power generation. 
There are several reasons for the trend: A wide 
range of cast alloys are available for heat resist- 
ant applications, and special compositions §tail- 
ored to the requirements of specific uses can be 
obtained economically in the cast form. Under 
severe conditions, castings can be designed to eli- 
minate crevices that might act as focal points for 
corrosion. 
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Detroit Revisited— 


Appraisal of Recent 
Metallurgical Advances 

in American 

Automobile Manufacturing 


Ix THIS HIGHLY COMPETITIVE American 
automotive industry, materials and methods of 
fabrication of tomorrow's cars are already under 
review. There seems to be a broad trend away 
from alloy steels or at least toward leaner tri- 
alloy steels. This means cost reduction, and 
such a policy is naturally most interesting when 
production rates and profits are low. Alloy al- 
most axiomatically costs more than plain carbon 
steels. 

Induction Hardening — Then, too, methods of 
heat treating have been so improved that even 
better parts are being made of these leaner 
steels than the alloy steels they replaced. An 
excellent example of this is the carbon steel 
axle shaft, induction hardened. It had been 
general practice in Detroit to make these of alloy 
steel and heat treat them to as high a level of 
hardness as could be economically machined. 
Now, these are widely manufactured of carbon 
steel — say A.1.S.1. 1040 — machined to approxi- 
mately finished size, and then hardened on the 
bearing surfaces by induction. A finish grind 
completes the part. Such a manufacturing rou- 
tine takes advantage of the internal stress _re- 
sidual in the part in service where the shaft is 
stressed in alternate bending. The surface layer 
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Among the recent changes and those 
soon to come in materials for 
automotive use, the trends toward 
low-alloy and carbon steels and toward 
greater use of aluminum seem 

the most significant. (T21, 17-57) 


in high compression improves the fatigue lite. 
Not only is this principle being substantiated 
in laboratory testing but also in service. 

Axles aren't the only shafts being so manu- 
factured; transmission shafts follow this prac 
tice also. Induction hardening is being ex- 
tended to such other places as truck valve seats; 
the cast iron of the blocks themselves is amena- 
ble to such treatment. A further use is for 
differential hardening of pinion seats instead 
of using bronze liners — an obvious cost advan- 
tage. However, induction heating may some- 
times be over-extended. In at least one recent 
example, it was found more economical to cap 
the end of the part and go back to conventional 
carburizing; the cap not only protected the end 
of the part from carbon but slowed up ade- 
quately the cooling rate of that area in the direct 
quench. 
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Fig. 1 — More Aluminum 
Is Being Used in Trim 
Items and Castings. Photo 
shows aluminum parts 
used on the 1958 Buick 


For years one auto maker has held out against 
gas carburizing, preferring to continue the older 
pack method, but now the gas process has found 
a place in his operations. 

Unconventional Materials — Triple-alloy steels, 
a World War II development, are still being 
used to conserve alloys. However, experience 
with some parts has shown that the alloy con- 
tent can be still further lowered. In one instance 
this resulted in a new single-alloy steel (the pro- 
posed S.A.E. 4427 with 0.50 Mo and 0.80 Mn). 
In another part the change was all the way to 
C 1041 with a shallow carburized case. No 
sacrifice in quality was noted. 

From one company’s pioneering of cast crank- 
shafts, and their successful use by another manu- 
facturer, has come a re-evaluation of castings to 
replace not only stampings but also forgings. 
One torque convertor reaction shaft has been 
changed successfully from C1141 steel to a 
pearlitic malleable casting. Another change is 
a stamping of 1010 steel to the same pearlitic 
malleable; in this instance a considerable econ- 
omy resulted from elimination of welding oper- 
ations and the combining of several parts into 
a single casting. 

The general swing toward aluminum has many 
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reasons, outlined rather comprehensively by the 
Editor of Metal Progress in a Critical Point - 
“Light Metals in Our Two-Ton Autos?” — in the 
March 1956 issue. Its more general and popular 


interest is indicated by a recent story in a news 
weekly. A couple of the automobile companies 
have built foundries adjacent to plants pro- 
ducing aluminum; this has reduced handling and 
processing costs to the mutual advantage of 
both smelters and fabricators. 

Aluminum castings for pistons have many 
advantages and have been widely used for a 
long time. Pistons, in fact, have consumed 
steadily about 40% of all the aluminum which 
went into automobiles. However, in the conven- 
tional alloys, the expansion is greater than de- 
sirable, and alloys with reduced expansivity are 
now being used to obvious advantage. Another 
aluminum property — good conductivity for heat 
— has led to radiator construction. Here it would 
replace copper which becomes so scarce during 
national emergencies, even though there is a 
glut on the market right now, Several problems 
in manufacturing aluminum radiators have been 
solved. The joining of aluminum may not in 
the future be as much of a deterent as it has in 
the past. 
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Bright Work — But castings are not the only 
new use for aluminum in automotive construc- 
tion. More than one company makes its bright 
decorative parts of sheet aluminum now. These 
are chemically brightened and subsequently 
anodized. This is a return to the practice of 20 
or more years ago, dropped in favor of the even 
brighter nickel-chromium plating. It is coming 
back. 

Another plating that has been losing out to 
aluminum is gold. Because of its cost, the gold 
was naturally spread pretty thin and the plated 
part didn’t stand up well in service. Substantial 
use is now being made of anodized and dyed 
aluminum, either as castings or stampings. Dyes 
have been found that not only have the same 
color as gold but have excellent durability, so 
the designers can have their color and the 
service man no headaches. 

The nickel shortage during the Korean war 
led to some studies to reduce its use. At least 
one car manufacturer successfully used white 
brass in place of nickel-plated parts. While some 
nickel is still used in this substitution, the quan- 
tity is less. 

It probably is worthy of note here that testing 
the quality of protection and maintenance of 
bright work has been improved. For a long 
time the much maligned salt spray has been 
relied on. Now the American Electroplaters’ 
Society has developed a “corrodkote” test that 
seems to be much more reliable and at the same 
time more searching. It is coming into general 
use in Detroit. 

A financial daily which frequently leads in 
news releases, even of technical information, 
stated recently that some automobile makers 
will use more chromium-nickel-copper for plat- 
ing their bright work, while the thicker “crack- 
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Fig. 2— Ford Tail-Light Shells 
Are Chromium-Plated Auto- 
matically in This New Platin 
Installation at the Company's 
Sandusky, Ohio, Hardware Plant 


free” chromium plate was to be used on the 
more expensive lines of cars. These statements 
are natural reflections of the improved supply 
picture — especially for nickel —from the car 
maker's viewpoint. They also reflect the com- 
petitive urge to improve quality. 

While not about metal, new paints for metals 
are the “emulsion” finishes. Conventional paints 
that are thinned for use with organic fluids ( gen- 
erally petroleum or other liquid hydrocarbons ) 
are bad fire hazards. New chassis blacks and 
rust protective primers are now in use that are 
“water thinned”. The simultaneous elimination 
of fire hazard is an enormous step forward in 
plant safety. 

Processing techniques have seen many im- 
provements. Here one should list high the pro- 
duction of shell molds. Detailed advances have 
been in the method of coating sands with the 
required resins, requiring smaller quantities of 
expensive organics, yet producing molds not only 
as high or even higher in strength. These new 
molds are also more permeable to trapped gas. 
These shells are strong enough to be used with- 
out back-up materials such as sand or shot. Per- 
haps, too, the use of this general foundry tech- 
nique to make cores is the next logical exten- 
sion with important economic aspects. After 
all, a core must be removed from the casting. 
If the quantity of sand is reduced in the core, 
or if no strengtheners such as wires are required, 
the cleaning operation is facilitated. 

Powder metallurgy is furnishing more parts 
to the automotive industry. These are generally 
based on iron, but may also be of the very high 
graphite compositions. The latter give superior 
performance as antifriction materials. Powder 
metal parts generally replace small castings, 
but may also be substituted for screw machine 
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Cost is the principal motivation but there 
For example, one 


parts. 
may be other advantages. 
such part has been found to resist brinelling by 
mating parts. 

Valves are critical parts that need improve- 
ment. 
tion - 
mild or no alloy compositions, but also for the 
high-alloy valves. More than one manufacturer 
now coats the e age valves to protect them from 


Aluminizing is a step in the right direc- 


not only for intake valves made of very 


burning. 

Phosphate coating of gears is a spreading prac- 
tice. It permits greater unit loading without any 
hazard in the “running-in” period, so critical in 
olden days. The same coating is in generally 
increased use on camshafts and tappets. Gears 
are frequently peened to improve their fatigue 
properties. This included transmission as well 
as rear axle gears. 

A process interesting all the automotive plants 
is cold and hot extrusion, especiaily cold extru- 
sion and spline rolling. True, upsetting has been 

for many years but now it is used for 
and much larger parts. Shafts are for- 


ward and backward extruded with several re- 


in use 


more 


quired diameters; the steels are hard oneugy so 
they 
These mi iv then be heat treated as required or 


may be further cut for gears or flanges. 
the hardened and strengthened cold worked 
metal used as such. 

Variety of these extrusions ranges from hollow 
nuts to rather large drive pinions. Economies 
here again are the urge — there is always a con- 
siderable saving in raw material. 

News from abroad has it that special process- 
ing of steel wires has produced tensile properties 
of the order of 500,000 psi. and elastic limits 
of 250,000 to 300,000 psi. 


in use as reinforcing wires in tire construction. 


These are said to be 


It is with great sorrow that we must 
announce the death of Lans McCloud from 
a heart attack on the golf course at Los 
Altos, Calif., on Saturday, July 26. He 
served with distinction as consulting editor 
for Metal Progress since his retirement in 
mid-1956 from Ford Motor Co.'s engineer- 
ing staff. This article was prepared during 
a fortnight’s stop-over in Detroit in June, 
enroute to Boston, where he received an 
Honorary Membership and the Award of 
Merit from the American Society for Test- 
ing Materials. 
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— Automatic Transmission Rear Axle Drive Pinion 


Input Shaft 


Steering Gear 
Sector Shaft 


Automatic Transmission Output Shaft 


Rear Axle Shaft 


Standard Transmission Output Shaft 


Fig. 3 
tion Shafts 
Rolling Process. This process 
ferred to as chipless machining, was first used 
at Ford four years ago and has re placed 
conventional methods of cutting these splines 


- At Ford, Splines on Seven Produc- 
Being Formed by the Cold 


sometimes Te- 


Vinyl-coated steel sheet is being formed after 
coating, with obvious advantages. 

Iron Founding — Other interesting processes 
found in this general survey are in the foundry. 
Water cooled cupolas are more generally used. 
In these cupolas, the shell is not lined with 


refractory, but is cooled on the outside with 


water sprays. A layer of slag builds up in a 
desired fashion and thickness, adequately pro- 
tecting the shell. At 
inner protection may be of carbon blocks as in 
The particular advantage 
is that the cupolas are not down so often or so 
long for relining. Therefore, 
is required for a given monthly tonnage. 


steel critical areas the 


some blast furnaces. 


less equipment 


Cupola operation has long de pended on the 
skill of the melter to determine when there was 
an adequate well of molten metal to permit 
economical tapping. Gages which use X-ray 


or radioactive isotopes are now able to show 


definitely how much molten metal there is in 
the hearth, and hence not only when to tap 
but how much to tap. 

Conclusion — It's an interesting metallurgical 
new and 


industry, this automotive one. It’s 


leans heavily on many old arts. Like its com- 
petitive sales organization, it is a dynamic one. 
The essential aim in the field of 
“More and more from less and less”. @ 


materials is 


always 
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Automatic Transmission 
Front Clutch Sun Gear 


Special 


Potential of Higher 


Temperature Carburizing 


Manufacturers are becoming interested in carburizing at higher temperatures 
as a means for increasing production. First moves by heat treaters 


will probably be to the 1800 to 1850° F. range which will give carburizing rates 
about 50% higher than are obtained at 1700°F. Even higher temperatures 
may be used in the near future for thick cases on tractor gears 

and other heavy-duty equipment. Furnace problems appear to be solved 

but other problems must be considered in the heat treating 


Tue carsurizinc process, old as the Cru- 
sades, may be on the verge of a major revolution. 
In the near future, it appears that the carburiz- 
ing temperature, long standardized in the 1650 
to 1700° F. range, will be pushed to 1800° F., 
1900° F., and even higher. Even now, furnace 
builders are erecting and testing furnaces that 
operate in the higher range, while heat treaters 
and steelmakers are getting interested. Despite 
the problems involved — and there are many — 
the promise of much greater production rates 
is too intriguing to pass up: Parts can be car- 
burized in 144 to % the time it takes at 1700° F. 
Cases of more than 0.10 in. in thickness are pro- 
duced in 8 hr. at 1900° F. Yet, before this new 
technique is established, many problems must 
be solved. Their ultimate solution is certain, 
although today little is being done because pro- 
duction is slack. The demands of tomorrow will 
undoubtedly spark a resurgence in research. As 
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of now, our aim is to describe the potential and 
problems of higher temperature carburizing. 

Theoretically, there is nothing particularly un- 
usual about the fact that steel carburizes faster 
at higher temperatures. In the first course of 
high school chemistry, everyone learns that “In- 
creases in temperature raise reaction rates”. If, 
at 1700° F., carbon diffuses into steel with a 
given rate, it will diffuse more rapidly as the 
temperature rises. Higher production rates are 
obviously possible. 

Under the circumstances, it may seem strange 
that most heat treaters haven't used higher tem- 
peratures for carburizing before this. The 
answer is obvious: With higher temperatures, 
all reaction rates increase. Furnace parts (rails, 
heating elements, fans) erode more rapidly. The 
grain size of steel in parts being treated increases 
with temperature. These and other drawbacks 
discouraged research for many years. 
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Fig. | ~ Drawing of One Type of Proposed Fur- 
nace for Carburizing at High Temperatures. Alloys 
are avoided in the high-temperature zone by rotat 
ing the entire hearth The hearth is ceramic 


Lately, however, the British and Russians have 
both reported progress in the field. The Rus- 
sians, in particular, seem to have done much 
work. One report* claims that grain size is 
little affected at 1920° F.; grains do not have a 
chance to enlarge in the short time needed for 
in adequate case. ,The Russian workers deduce 
that carburized parts can be made in 14 to % 
the time required at 1700° F. 
ing fact: 


Another interest- 
They conclude that the carburizing 


rate depends on the number of times the gas is 
changed; the optimum, they feel, is 100 times 


carburization can 
carburizing rate may be 
Further, they reported 
no substantial changes in 


per hr. Above this, 
below this, the 
lowered appreciably 


spotty 


occur; 


microstructure or 
mechanical properties. 
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Furnaces 


With the 
information, builders of carburizing furnaces in 
this country began to do more work. 
incidentally, 


announcement of this encouraging 


(Some, 
have been building equipment 
which has been used for carburizing at 1800° F. 
and above for several years.) For a long time, 
progress had been ret urded by the lack of truly 
adequate high-temperature alleys. Only ceram- 
ics could withstand the higher temperatures. 
While these were suitable for batch furnaces, 
they did not have strength enough for rails, trays 
and rollers in continuous furnaces. Alloys avail- 
able were reasonably strong and lasted for fairly 
long periods at 17 00° F. but deteriorated more 
rapidly above that temperature. Recently, how- 


ever, suitable alloys have become available. The 
* “High-Temperature Gas Carburizing of Steel”, 
by G. M. Shuval, I. S. Lupakov and I. A. Fe *Idman, 
Metallovedenie i Obrabotka Metallov, Vol. No. 6, 
1956, p. 49-52 (Brutcher Translation No. 3. 
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wide interest in high-temperature 
problems has sparked continuing re- 
search for the last 12 years. In that 


period, both cast and wrought alloys 0.200 
durable above 2000° F. were de- 
veloped; these were applied to fur- 


c 
nace parts by builders. High-density gt'= 
refractories for hearths, ceramic- ? 
coated radiant tubes, and ceramic = 
fans were also developed. With these iia 
high-temperature materials now in 
use, furnace builders quote on equip- 

0.50 


ment which operates steadily at 
1850° F.. Even higher temperatures 
are predicted for the future. 

Batch-type furnaces are prabably 
the simplest since they usually have 
but one moving part — the fan which 
circulates the carburizing atmos- 
phere. It can be made from either 
ceramics or alloys. For example, one builder 
uses a high-density refractory (consisting chiefly 
of alumina) for the fan and other hot parts. Ex- 
cellent durability is claimed even at tempera- 
tures above 2000° F. 

Continuous furnaces bring on added problems 
because there are more moving parts. The rails, 
trays and rollers on which the parts ride must 
be made of alloys that can withstand distortion 
and carburization for long periods. A popular 
alloy used by several manufacturers is NA 22 H 
(50% Ni, 25% Cr, 5% W, bal. Fe). Some furnaces 
employ a vertical radiant tube which is said to 
operate for at least 15 months at furnace temper- 
atures of 1800 to 1900° F.. This tube, made from 
a superalloy, is coated with a high-temperature 
enamel to retard carburization. The vertical 
design prevents sagging from creep, and soot 
cannot collect to cause hot spots. 

Wrought alloys used by others for these 
furnaces include Type 330 and 310 stainless 
steels, Hastelloy “X”, Multimet and Inconel; 
high-density centrifugal castings of a 35% Ni, 
15% Cr alloy are also employed. Heating ele- 
ments can be made of 80% Ni, 20% Cr alloy. 
Silicon carbide is used for rails inside some 
furnaces. 

Design features, too, can sometimes sidestep 
the alloy problem. An example is the rotary 
furnace shown in Fig. 1. It avoids alloy baskets 
and rolls by rotating the hearth. No alloys are 
exposed to high temperatures and gases. The 
work is laid directly on the traveling hearth bed 
for carburization. Other systems are being 
employed. For example, salt baths are being 
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Fig. 2 — Case Depth Variations as a Function of Tem 
perature and Time. Data are for 1018 and 1117 steels 


used by some heat treaters to carburize in the 
1800° F. range. One company is studying induc- 
tion heating of parts at 2000° F. in an appropri- 
ate gas for carburizing. 


Experimental Work 


With these improved furnaces, it has been 
possible to find out something about the char- 
acteristics of higher temperature carburizing. 
Furnace builders, heat treaters, and steelmakers 
all became interested, some to the extent of 
large research programs. Enough data have 
now been released to give a fairly accurate 
picture of both advantages and disadvantages. 

The obvious advantage of faster rates and 
shorter times at once became apparent. The 
curves in Fig. 2 depict case depths achieved at 
various temperatures and times; as expec ted, 
higher temperatures increase carburizing rates 
greatly. Take one example: For a 3-hr. period, 
the depth is increased from 0.040 in, to 0.200 in. 
when the temperature is raised from 1700 to 
2200° F. 

These extremely rapid carburizing rates bring 
their own problems. When the cycle begins, 
steel soaks up carbon like a sponge soaks up 
water. (At 2000° F., for instance, carbon pene- 
trates 0.009 in. the first minute.) Thus, at the 
start, a rich hydrocarbon mixture must be con- 
tinually maintained; conversely, at the end, the 
gas has to be lean to prevent build-up of carbides 
on the surface. A gas generator equipped to 
provide a variety of mixtures is essential. This 
can be done by combining generator gas with 
hydrocarbon gas or air. 
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Another problem to be considered is the ex- 
treme absorption of carbon at the surface of the 
part being carburized. The percentage of car- 
bon 1.6 and even above if not con- 
trolled. Fortunately, most furnace builders have 


rises to 


equipment to control the surface carbon, and 
this difficulty is not as serious as are some of the 
others. 

The graph shown in Fig. 3 indicates that 
the surface carbon can be controlled within 
0.10% in a 300° F. range. At 2000° F. 
apparent that a gradually sloping carbon gradi- 


it is also 
ent is present. This is an advantage since abrupt 
changes in carbon content below the surface may 
lead to spalling. 

Another difficulty is grain growth at these 
In fact, this is the chief draw- 
back to acceptance of higher temperatures for 
Some growth occurs in the 1825 


temperatures. 


carburizing. 
to 1850° F. range, and the rate is substantially 
this temperature. If grain 
growth is limited by using short time cycles, the 
' An example of grain 
growth in 8620 steel, carburized for 3 hr. at 


increased above 
case may be too thin. 


1900° F., is shown by Fig. 4. Coarse grains can 


be eliminated by re-austenitizing below 1700° F. 


to give a double treatment. Quenching from the 
lower temperature also reduces distortion. How- 
ever, this is an extra operation; the time gained 
by the faster carburizing rates may be lost in 
the added 
capacity is needed. 


heating. Further, more furnace 

At present, there is the feeling that higher 
carburizing temperatures will be most valuable 
for producing heavy cases. Cycles of 96 hr. 
or more, now needed for thick cases on heavy- 
duty tractor gears and the like, can be shortened 
drastically. The time needed for reheating to 


refine the grain is determined only by the geom- 


Fig. 3 — Carbon Gradients 


etry of the part; thus, there is an appreciable 
saving in total time. There is already some 
interest in this phase of higher temperature car- 
burizing; at least four major builders of heavy 
equipment are known to be doing some work. 
Since it also appears that the future will see more 
heavy equipment for road building and military 
use, the production of heavy cases will appar- 
ently be the first practical application for higher 
temperature carburizing. 

Little worry is expressed concerning the me- 
chanical properties resulting from the use of 
higher temperatures provided a fine grain size 
is maintained. Actually, grain size has little effect 
on these properties anyway; coarse grains pro- 
mote other difficulties such as quench cracking, 
distortion, and brittle failures. 

Summing up the furnace builder's story, they 
appear to be ready. Ingenious design, better 
alloys and ceramics have practically solved their 
1850° F. The 
future will bring furnaces that can operate satis- 
factorily at 2000° F. and above. 


problems for operation. near 


Carburized Parts 


Meanwhile, the 
those who carburize the gears, shafts, and other 


what about heat treaters — 
parts that go into the millions of machines made 
in this country every year. Are they pleased 
with prospects for higher temperature carburiz- 


While they 


recognize the fact that more parts can be made in 


ing? Frankly, they're not sure. 
a given time, they question the added expense of 
the process. 

One deterrent is their big investment in equip- 
ment which operates capably at 1700° F. Con- 
version to 1800° F. operation — they feel this may 
be the upper limit for practical use — is not diffi- 
cult, but is still beyond their desires in many 


at Various Carburizing 
Temperatures. The gradi- 
ent slopes more gradually 


Carbon Content 


0.020 


at higher temperatures be- 

cause of increased diffu- 

sivity. The surface carbon 
has been controlled at 0.9 0 
to 1.0% C for these tests 
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Fig. 4— Microstructures of 8620 
Steel After Carburizing at 1900° 
F. for 4 Hr. Reheating at 1500° F 


instances. This is especially true for carburizing 
furnaces tied in with assembly-line production. 
While more gears and shafts could be made, to 
be useful all other assembly operations would 
have to be speeded up. A few who anticipate 
increased production are asking for quotations 
on furnaces that operate at 1850°F. As time 
goes on, more should get interested. 

The problem of grain growth is the greatest 
inhibiting factor in the adoption of the process. 
Since steelmakers cannot guarantee a fine grain 
above 1700° F., heat treaters might be forced to 
refine the grain of carburized parts by reheating. 
Heat treaters who are equipped for reheating 
can make profitable use of higher temperature 
carburizing techniques (some do, in fact). To 
others, higher carburizing temperatures would 
mean the addition of reheating furnaces. Con- 
sequently, most interest is limited to the 1800° F. 
range. Grain growth is not so likely to be a 
problem, particularly for the shorter times 
needed to form cases equivalent to those formed 
at 1700° F. 

Most heat treaters concede that carburizing 
at higher temperatures has possibilities. Since 
its greatest advantage — increased production — 
is not needed at present, the majority of heat 
treaters have done little more than discuss the 
process. 
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has refined grains formed during 
the carburizing operation. Magni 
fication, 100 x; 2% nital etch 


Steel 


As the foregoing shows, most of the problems 
stem from the phenomenon of austenitic grain 
growth at elevated temperatures. Steelmakers 
refuse to guarantee fine grain above 1700° F., 
not from blind prejudice, but because they are 
fully aware of the problems of grain refinement. 
They know that aluminum, the usual deoxidation 
and grain refinement addition, can produce a 
fine-grained steel to 1900° F. and above (see 
Fig. 5); they also know the effect is not consistent 
and cannot be predicted. The grain can coarsen 
as low as 1750°F. Furthermore, the grain 
coarsening temperature can vary from heat to 
heat, within the same heat, and sometimes within 
the ingot. 

Under these conditions, ingots of steel for 
carburizing at 1800° F. and above would have 
to be tested individually to determine the grain 
coarsening temperature. Imagine the work 
involved! A large number of McQuaid-Ehn 
tests, the standard in the industry for grain size 
determination, would be required for each heat. 
These would necessarily be heated at the desired 
carburizing temperature and time depending on 
the customer's wishes. What this would mean 
in terms of extra work (not to mention furnace 
wear) is beyond calculation now. 
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Fig. 5—This is S620 Steel 
After Carburizing 12 Hr. at 
1900° F. Comparison with 
Fig. 4 will show that grain 
size in this specimen is finer. 
This difference in response is 
a characteristic of steel; 
two different heats in- 
volved 100 ¥; 5% nital etch 


At present, steelmakers feel that the process 
has not been developed to the point where the 
needed extensive research would be profitable. 
They know today that the optimum arount of 
aluminum will prevent coarsening to about 
1850" F. (This figure is a statistical average; 
it indicates only that half the heats will coarsen 
above 1850° F. and the other half will coarsen 
below 1850° F.) 


coarsening temperature will have to be achieved 


Any further increases in grain 


by other addition agents, either by themselves 


or in conjunction with aluminum. Previously, 


titanium, zirconium and vanadium have also been 
used as grain refining agents. Published infor- 
(@Metals Handbook, 1948 Edition, 
p. 478) shows that titanium and aluminum to- 


mation 


gether raise the coarsening temperature above 


1950° F. Vanadium and zirconium are not as 
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effective. Columbium has been patented as a 
possible grain growth inhibitor. 

It appears that the problem's solution will 
require fundamental research into the true nature 
of grain refinement. While it is known that alu- 
minum is effective, no one is sure of the actual 
mechanism. Some feel that submicroscopic ox- 
ides inhibit growth; others are equally sure that 
aluminum nitrides supply the active agent. To 
speculate a bit, researchers may solve the prob- 
lem through the back door. Instead of adding 
supplemental elements, they may succeed by 
adding oxygen (through adjustment of bath de- 
oxidation) or nitrogen (in a solid form such as 
calcium cyanamide). 

However, the actual method to be used for 
grain control at the required temperatures is 
still in the future. Steelmakers admit they are 
looking into the problem, but have nothing 
definite to report. 

So where do we stand? Enough work has 
been done to prove that carburizing at higher 
temperatures is definitely feasible, and only 
a little more cooperative effort should be needed 
for production use. Economic conditions are 
limiting activity for the moment. Carburizers 
are not too interested in making parts faster 
when they can't sell the ones they make now. 
The added cost for new equipment is another 
deterrent. When the demand grows greater, 
activity on the higher temperature carburizing 
front will increase; the tools are ready and wait- 


ing to be used. 8 
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Better 
Metallographic 


Techniques... 


Metallography of 
Disturbed Uranium 
Surfaces 


By H. P. ROTH and R. B. RUSSELL* 


ig. 1— 4/0 Emery Paper 
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X-ray DIFFRACTION STUDIES Of uranium 
certify to the wisdom of often-repeated advice: 
Use both optical and X-ray metallography to 
reach sound judgments in physical metallurgy. 
Uranium is so opaque to 1A X-rays that they 
penetrate only a few ten thousandths of an inch; 
consequently the X-ray diffraction peaks are 
extraordinarily sensitive to the amount of surface 
deformation caused by metallographic prepara- 
tion. In studying preferred orientation or tex- 
ture in uranium, we have found that we must 
be sure we have removed the entire worked 
surface. This can be determined by X-ray dif- 
fraction tests of repeatedly polished surfaces, 
continued until the diffraction peaks are nearly 
constant. 


For example, a certain banding of 


*Nuclear Metals, Inc., Cambridge, Mass. 


Relation Between Microstructure and X-Ray Diffrac- 
tion Intensity and Resolution From Orthorhombic 
Uranium. Micros at 75 * under polarized light 


Fig. 4 


180-Sec. Electropolish 


36.00 20 35.00 
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the uranium grains has been observed under the 
microscope. 


X-ray diffraction often shows this 
to be due to the vestiges of scratches from sur- 
face preparation, rather than from any fabrica- 
tion or heat treatment. 

An example of how information from micro- 
examination and X-ray diffraction may 
together is shown in the engraving. 


work 
The micro- 
graphs represent a transverse section of an ex- 
truded uranium rod which was known to have 
a texture in which the (110) poles are strongly 
oriented parallel to the extrusion direction. The 
photomicrographs, which illustrate different 
stages of surface preparation, may be compared 
with each other and to their respective diffrac- 
tion traces (24 scans). 

| shows the scratches caused by 4/0 
emery paper, and the X-ray diagram illustrates 
the broadened lines that are characteristic of a 
cold worked sample. 


Figure 


Figure 2 indicates that the emergence of the 
grains (through cloth lap polishing with Linde 
A in aqueous 10% oxalic acid ) is associated with 
a substantial increase of diffracted intensity of 
the (110) peaks combined with a corresponding 
decrease of the (021) and (002) peaks. Their 
relative intensity changes and their decrease in 
line breadth show that the texture, average parti- 
cle size, or stored energy content of the crystal- 
lites just under the 4/0 abraded surface is differ- 
ent from that which exists at the very surface. 

In Fig. 3 one sees that only a little electrolytic 
polishing} increases the contrast between grains 
under polarized light and also peaks up the 
(110) line. However, it will be observed in Fig. 
4 that banding is still visible after electro- 
polishing for 180 sec. The slight difference in 
brilliance or relative grain contrast and banding 
between Fig. 3 and 4 is, however, shown up very 
effectively by the greater intensity and re solution 
of the (110) peak from the surface ele ctropol- 
ished for the longer time. 

While this shows that the smeared or cold 
worked surface grains have been almost entirely 
removed by electropolishing for 180 sec., in our 
practice this polishing is continued for about 
300 sec. and is even repeated if necessary accord- 
ing to the X-ray indications. rs) 

tThis of course demands rigid mounting of the 
sample in the holder which is placed in the diffrac- 
tometer, because small differences in position can 
cause large intensity changes by defocusing. 

{Electrolyte composition by volume: 1 part 
H,PO,, 2 parts H,SO,, 2 parts H,O. The sample 
is enodles ally polishe d and continuously brushed with 


a camel’s-hair brush using a current de nsity of 0.6 to 
0.8 amp. per sq.cm. 
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Better 
Metallographic 
Techniques... 


Polishing 
Hard Metals 
Electromechanically 


By J. M. DICKINSON* 


A new technique simplifies metallographic preparation 

of high-melting metals and their alloys. By simultaneous use 
of mechanical and electrolytic polishing, layers of worked metal 
are avoided, and an exceptionally smooth surface 


is produced in a short time. (M20p; SGA-q) 


Meats difficult to polish by usual methods 
(such as tungsten, rhenium, molybdenum, and 
their alloys) can be easily polished by a new 
electromechanical method. Smooth surfaces, 
free from disturbed layers and retaining most 
inclusions, are obtained in less than 5 min. The 
method is fast and can be easily learned. 


Equipment 


Electromechanical polishing, in essence, con- 
sists of applying a d-c. voltage to a specimen 
while slowly abrading it on a polishing wheel 
covered with an abrasive-electrolyte slurry. 
Several important variables control the quality 
of the polish. These are: Type of abrasive, type 
of polishing cloth, current density, pressure 

*Staff Member, Los Alamos Scientific Laboratory 
of the University of California, Los Alamos, N. M., 


J. L. Lunsford, T. J. Ready and L. S. Richardson 
also supplied material for this article. 
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between specimen and wheel, speed of wheel, 
time, and polarity. 

As Fig. 1 shows, flexible wires with alligator 
clips are connected to the specimen and to a 
convenient ground. These leads can be auto- 
matically reversed every 1.5 sec., or operated 
manually to allow choice of polarity. (Normal 
polarity was defined as the specimen positive 
with respect to the polishing wheel.) The d-c. 
power source was isolated from the power line 
so that either side of the output could be 
grounded. Direct current up to 5 amp. was 
available at 0 to 100 v. 

Current densities of 0.01 to 0.1 amp. per sq. 
cm. were normally satisfactory, but occasionally 
densities as high as 2 amp. per sq cm. were used. 
In general, the highest current density that 
could be used without causing filming or uneven 
attack of the specimen surface was the most 
satisfactory. By changing the current densities, 
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Fig. 1 - 
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Electromechanical Polishing Appa- 
Note wire which leads to specimen 


some materials could be given an excellent etch 
on the polishing wheel. 

Forstmann or silk velvet made satisfactory 
polishing cloths. Linde A and B alumina were 
the most useful abrasives. Of the several elec- 
trolytes tried, these were the most satisfactory: 


a saturated solution of potassium ferricyanide; 


a 3% solution of hydrogen peroxide; and a satu- 


rated solution of sodium 
chlorate. 


The polishing conditions 


with water. Most 
specimens were then ground through 4/0 emery 


carbide paper lubricated 
paper. The same specimens were given differ- 
ent final polishing treatments to compare elec- 
tromechanical polishing, electropolishing, etch 
polishing, and diamond abrasive _ polishing. 
After each final polishing treatment, the samples 
were reground on silicon carbide paper. 

One experiment which demonstrates the effec- 


tiveness of electromechanical polishing employed 


Electromechanical Polishing Conditions 


for a number of metals are POLISHING 


listed in the Table. It CLOTH*® 


CURRENT 


POLARITY Time 


Density t 


should be pointed out that Re 


Forstmann 
other variables which are Forstmann 


silk 


Forstmann 


hard to define accurately, 
such as the pressure on the W 
specimen are nevertheless 
important. 


Forstmann 
silk velvet 
silk 


Cb 
ThoO.- 

Ww 
Experimental Work 


All of the specimens Re-W  Forstmann 


examined during this in- 


saturated NaClO 

3% K,Fe(CN), 

HO, 

saturated K,Fe(CN 
HO 

HO 

HO 

saturated NaClO 
saturated K,Fe(CN), 
saturated K,Fe(CN), 


2 min 
reverse y 

cve lic 
normal 

cvclic 

lic 

cyclic 

normal 

normal 


or cyclic 


vestigation were ground 
through 600-grit silicon 
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*Al.O, was used as the abrasive in all instances. 
tin amp. per sq.cm. 
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Fig. 3— Polishing by Electromechanical Methods 
Retains Inclusions. This dispersion of thorium 
dioxide in tungsten has been polished for 4 min. 


a sintered and swaged bar of tungsten. Four 
different polishing techniques were used. Three 
of them could produce an unetched surface, 
while the fourth, Wood’s method, always pro- 
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\p Rs, ished: top right, mechanically pol- 


Fig. 2—Comparison of Surfaces 
Produced on Tungsten by Four 
‘j Polishing Methods. Top left, pol- 
& \ ished and etched by Wood's meth- 
od; top center, electrolytic ally pol 


ished (diamond abrasive); bottom 
» left, electromechanically polished; 
[ bottom right, electromechanically 
polished and etched in 30% H,O. 


duced an etched surface. Electropolishing 
normally gave scratch-free surfaces, but almost 
invariably produced some pitting. The same 
was true of diamond abrasive polishing; this also 
resulted in a worked surface and required exces- 
sive time. Electromechanical polishing, on the 
other hand, produced an excellent surface in less 
than 5 min. after grinding through 4/0 emery 
paper. Figure 2 illustrates photomicrographs 
of the tungsten bar after polishing by all four 
methods, and after etching with 30% hydrogen 
peroxide. 

One of the striking results of electromechani- 
cal polishing has been the excellent retention of 
inclusions. A dispersion of 15% thorium dioxide 
in tungsten is shown in Fig. 3. This specimen 
was reduced approximately 50% by rolling. 

Although the method was developed for use on 
refractory metals, it should prove useful for 
other materials, especially those which are diffi- 
cult to polish. Inclusion retention, for example, 
is a tough problem; we feel that electromechani- 


cal polishing provides a workable answer. @ 
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Better Metallographic Techniques. . . 


Polishing by Vibration 


By E. L. LONG and R. J. GRAY* 


A new technique makes it possible to polish up to 24 specimens 
at a time without attention by a metallographer. Surfaces are 


generally better than can be achieved by hand polishing. 


Route has 
been improved by innovations which give 
smoother surfaces in less time. One of the most 
important of these is vibratory polishing, intro- 
duced only two years ago. As described in 
Metal Progress for aluminum (July 1956, p. 81), 
several samples can be polished at one time and 
a great amount of the hand work is eliminated. 
Thus the method is ideally suited to a laboratory, 
which processes a large number of specimens 
annually 

In November 1956, we bought a small vibra- 
tory lap-polishing machine and in a two-month 
period tried various abrasives, cloths, speeds, 
weights, and samples on the 5-in. diameter bowl. 
Results were most encouraging, but two difficul- 
ties had to be eliminated. The polishing speed 
was too slow, and the polishing bowl was too 
small. Then three larger vibratory polishing ma- 
chines* equipped with 12-in. diameter bowls 
were secured, As received, the bowls were fas- 
tened to the polishing unit. The machines were 
adapted for quick-change bowls to facilitate 
cleaning; this also allowed a supply of bowls 
containing various abrasives to be kept on hand. 
Figure 1 shows these polishers with adaptors. 
With the large polishing machines, 24 specimens 
could be polished at a time with speeds up to 
six times that of the smaller machine. 


Equipment and Procedure 


In essence, as Fig. 2 shows, the vibratory 
polisher consists of a base-power unit, housing 
the spring and magnet assembly, and a flat- 
bottom bowl containing the selected polishing 


*Syntron Co., Homer City, Pa., Model LP-O1. 
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cloth or abrasive paper. Attached to the electro- 
magnet armature is the bowl-mounting plate. 
Directly under and facing the armature is the 
coil and core assembly, which is anchored to a 
large heavy-base casting. The bowl-mounting 
plate is supported by four-leaf springs spaced 
90” apart and at an angle of 65° to the base 
casting. 

When the coil is energized, the armature, 
bowl-mounting plate, and bowl are sharply 
pulled down and away from the specimen. 
Because of the angular leaf-spring arrangement, 
a slight radial twist is imparted to the bowl 
with the downward movement. The inertia of 
the specimen keeps it from moving with the 
bowl, and the specimen then drops vertically 
to a new spot on the polishing cloth slightly 
forward of the initial position. When the coil 
is de-energized, the springs return the bowl to 
its original position, thus advancing the speci- 
men. This happens 60 times per sec. 

However, for any polishing action, the speci- 
men should be heavy enough so that slippage 
between the specimen and the cloth occurs dur- 
ing the spring-back cycle. An optimum weight 
must be used so that the most polishing occurs 
with the least directional polishing. Directional 
polishing is prevented by allowing the specimen 
to travel enough to permit rotation during 
polishing. 

The key to vibratory polishing lies in a setup 
properly designed to assure a tuned-spring sys- 
tem. Specifically, the tuned system should be 

*Staff Member and Head, respectively, Metallog- 
raphy Section, Metallurgy Div., Oak Ridge National 
Laboratory, Oak Ridge, Tenn. 
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Fig. 1 — Vibratory Polishers With Auxiliary Quick-Change Equipment. 
Each bowl is 12 in. in diameter and takes up to 24 specimens at a time 


three to five cycles higher than the 
frequency of the supply current. 
(For example, a 60-cycle polisher 
should have a period of 63 to 65 
cycles.) The selection of such a 
frequency range eliminates har- 
monic motion and insures stability 
of the polisher. 

The polishers are powered by a 
60-cycle current passed through a 
half-wave selenium rectifier. This 
cuts out half the sine wave and 
the current flows in one direction 
only. Thus, the coil of the electro- 
magnet is energized once per cycle. 
The specimen moves approxi- 
mately 0.030 in. per cycle, but at 
this frequency the displacement 
cannot be seen. Instead, the speci- 
mens appear to flow smoothly 
around the periphery of the bowl. 
While the frequency is constant, 
the amplitude can be varied by 
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Fig. 2— Sketch Showing Various Parts of 
Vibratory Polisher. The vectorial diagram 
indicates direction of bowl movement 


Polishing 
Bow! 


Adaptor Plate 


Armature 


Coil and Core 


Springs 
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Fig. 3— Electron Photomicrograph Showing 
Fine Pearlite. Smearing and scratches are 
not present. This was etched in a mixture of 
HCI gas dissolved in ethyl alcohol and 5% 
trichloracetic acid. Micrograph taken at 26,- 
000 * ; reduced to 16,250 * in reproduction 


control of the power input, thereby varying the 
polishing speed. 

The work has included samples ranging in 
hardness from gold to boron carbide and in size 
from wires 0.019 in. in diameter to specimens 
2 in. in diameter. Two types of cloths are 
employed —a good grade of silk (held to the 
bowl by a steel band) and a stiff deep-nap cloth 
(glued in place). 

Most specimens processed here are mounted 
in the 1%4-in. diameter mounts. Since it has 
proved uneconomical to lap the specimens on 
the vibratory polishers, they are hand-ground 
through the 600-grit or 3/0 abrasive papers. 
Some specimens are still carried through the 
lead laps; however, use of these laps has dropped 
considerably since the introduction of the vibra- 
tory polishers. It has been found that an addi- 
tional weight in the form of a stainless steel cap 
must be placed on the specimen before polish- 
ing. From experience the optimum weight for 
a variety of samples seems to be approximately 
350 g. The specimens are then ready for the 
polishers. 

Two variables affect the polishing speed — the 
weight on the specimen, and the amplitude of 
vibration. When a constant weight is used on 
the specimen, all variables except amplitude are 
eliminated. The rheostat setting is rather criti- 
cal; if too low, slow directional polishing occurs, 
if too high, the specimens will bounce and little 
or no polishing will result. It is better to begin 
with a high rheostat setting and gradually re- 
duce the speed. When the correct polishing 
speed has been attained, the specimens will not 
bounce. Instead, they will flow smoothly 
around the periphery of the polishing bowl 
counterclockwise while turning slowly with a 
clockwise motion. The polishing operation is 
a three-stage sequence. The average specimen 
requires a polishing time of 15 to 30 min. in the 


Fig. 4 — Nickel-Molybdenum Alloy Which Has 
Been Nickel Plated, Silver Plated and Brazed 
With a Copper-Silver Eutectic. There is no 


relief and only slight rounding of void edges. 
This is etched in a solution of 3% HO», 
NH,OH, and H,O in equal parts. 250 x 
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silk bowl with a 0.3-micron alumina slurry, then 
15 to 20 min. in a bowl containing a deep-nap 


cloth charged with a 0.3-micron alumina slurry. 
A final polish of 20 to 25 min. is given in a third 
bowl with a deep-nap cloth charged with a 
0.1-micron alumina slurry. 
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Fig. 5 — Electron Photomicrograph of a Euro- 
pium Oxide Particle in a Stainless Steel Ma- 
trix. This is a carbon replica (preshadowed 
with palladium). Micrograph taken 22,600 
x; reduced to 13,500 x in reproduction 


Applications — We have now studied many dif- 


ferent types of specimens on this equipment. 
For example, to acid-test the method for direc- 
tional polishing and smearing, a plain carbon 
steel sample was selected. This particular speci- 
men had been isothermally transformed from 
austenite at 1100° F. for 1.6 sec. and quenched. 
Small pearlite colonies with extremely fine lam- 


ellar spacings resulted. Because the pearlite 
was much too fine to resolve under the light 
microscope, a palladium preshadowed carbon 
replica of the sample was made and examined 
with the electron microscope for defects in the 
structure which could have occurred during 
polishing. A typical area is shown in Fig. 3; no 
polishing defects were observed except for an 
occasional small scratch. 

Another specimen, shown in Fig. 4, is a nickel- 
molybdenum alloy electroplated with nickel and 
then silver. Brazing with a commercial silver- 
copper alloy followed. The specimen has been 
polished to a scratch-free condition, yet there is 
no detectable relief-polishing between any of the 
constituents (though there are considerable dif- 
ferences in hardness), nor is there any excessive 
rounding of the void edges. 

Extreme care in polishing was also needed on 
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another occasion, Electron microscopy was 
essential to determine whether any reaction had 
occurred at the interface of a europium oxide 
particle surrounded by stainless steel. The sam- 
ple, shown in Fig. 5, is in an as-polished condi- 
tion with the reaction layer clearly seen sur- 
rounding the europium oxide particle. We later 
proved that silicon in the steel was responsible 
for this layer. 

Summary — During the 14-month test period 
in which samples of practically every description 
were tried on the vibratory-polishing machines, 
many advantages have appeared. 

As an instance, in contrast to automatic polish- 
ers, vibratory polishing is a continuous process 
—not a batch process. Frequently in the auto- 
matic polishing operations, one or two of the 
samples will require additional work during or 
after the successive stages of polishing. With 
vibratory polishing, no minimum number of 
specimens is required —from 1 to 24 specimens 
can be polished simultaneously. Furthermore, 
to check the operation, one specimen can be 
removed from the bowl and examined without 
interrupting the remainder of the specimens. 

With conventional hand-polishing techniques, 
the metallographer devotes all his time to the 
polishing operations. However, with vibratory 
polishing, he is free for other duties while the 
specimen is being polished. Also, overpolishing 
is less likely to occur; if a specimen should 
remain in the polishing bowl for an additional 
5 to 10 min., it is unlikely that repolishing would 
be required. 

It takes less time to train people to use this 
method. It does not tax the operator's patience 
as much as does hand polishing, since he is able 
to process various types of samples simultane- 
ously and observe the action of various cloths 
and abrasives. 

There are no apparent reasons why vibratory 
polishing cannot be used in remote facilities. 
The machines are rugged; ours have required 
only routine maintenance, after the original 
adjustments, in the 14 months of practically con- 
tinuous daytime operation. The polishers do not 
require mounted specimens of close tolerances, 
as do most facilities, and with simple precautions 
(such as substituting silicone oils or petroleum 
oils for water in the abrasive slurries) radioactive 
dust contamination should offer no additional 
problem. The controls for the polishers can be 
located outside the hot cells. 

We feel that vibratory polishing has proven 
itself in our laboratory. 
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A Mechanized Desanding Operation 


This fully automatic salt bath line for electrolytic de- 
sanding of gray iron castings wos designed and sup- 
plied by Ajax. Dozens of other Ajax mechanized 
installations are used for hardening, carburizing, mar- 
tempering, austempering, annealing and other heat 
treating processes. 


72-Page Guide to Ajax Salt Baths 
Write on company stationery 
for your copy. 


< 


SEE DIP 
BRAZING BEING DONE! 


Ajax Booth 1609 at 
the 40th Metal Show 
(Cleveland, Ohio—Oct. 27-31) 
Watch it in action, examine the 
results. Discuss dip brazing with 
any metal — or any other salt 
bath application — with 
*, our engineers. 


ORF 


AJAX ELECTRIC COMPANY 
910 Frankford Avenue 
Philadelphia 23, Po. 


Associates: Ajax Electrothermic Corp. Ajax Engineering Corp, 
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Salt bath 
heat treating 
mechanization? 


AJAX HAS THE ANSWERS! 


The chief product of Ajax is not simply the world’s 
largest, most versatile line of salt bath furnaces. More 
particularly, it is an unmatched fund of accumulated ex- 
perience in applying salt bath operations to best possible 
advantage. Nowhere is this more evident than in heat 
treating mechanization or automation. 

In hundreds of installations, large and small, com- 
plete heat treating operations are handled automatically 
by conveyorized salt bath set-ups engineered from be- 
ginning to end by Ajax. From single in-line furnaces to 
elaborate combinations, each operation is automatically 
controlled and operated for maximum production econ- 
omy and product quality. 

When planning for heat treating mechanization, it 


pays to consult Ajax! 
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SALT BATH FURNACES 


Internally heated electric and gas fired types 
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W. J. Reagan 


W. J. Reacan @ has retired as 
associate professor of metallurgy at 
Pennsylvania State University. In 
the past, he has acted as consultant 
for many companies in the metals 
field, and after his retirement he 
will expand his consulting activities 
in this area. 

He became a faculty member at 
Penn State in 1946 as assistant pro- 
fessor of metallurgy, specializing in 
extractive metallurgy and primary 
processing of iron and steel. He 
was responsible for building the 
unusually complete melting labora- 
tory in the school of metallurgy. 

Mr. Reagan's metallurgical edu- 
cation was obtained at Carnegie In- 
stitute of Technology and in indus- 
try, working in several steelmaking 
companies. He joined Edgewater 
Steel Co. in 1925 and spent 18 years 
there, rising to openhearth metal- 
lurgist and assistant superintendent 
of openhearth. In 1943 he moved 
to Warren, Ohio, as research engi- 
neer with Copperweld Steel Co., 
and later was promoted to super- 
intendent of metallurgy. 

Many technical societies claim his 
interest and he has been a charter 
member of several. These include 
the National Open Hearth Com- 
mittee, Pittsburgh Conference, and 
the National Electric Furnace Con- 
ference. He is a 25-year member 
of the American Society for Metals 
and has served as chairman of the 
Pittsburgh Chapter (1937-38) and 
the Warren Chapter (1943-44). 
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A. F. Finkl 


A. F. Finxt @ has been ap- 
pointed vice-president in charge of 
national sales for A. Finkl & Sons, 
Co., Chicago. 

A native of Chicago, he attended 
the University of Illinois, graduating 
in 1931 with a Bachelor of Science 
degree. After five years with the 
metallurgical department of Repub- 
lic Steel Corp., he became affiliated 
with A. Finkl & Sons, a family con- 
cern. He served in the metallurgi- 
cal department until 1941 and from 
that time until the present he held 
positions in purchasing, advertising 
and quality control. 


A. L. Nussbaum @ has been ap- 
pointed vice-president of Loma Ma- 
chine Mfg. Co., Inc, and its affiliate 
company, Lobeck Casting Processes, 
Inc., New York. Mr. Nussbaum 
joined Loma in 1956 as manager of 
the firm’s rolling mill division, having 
previously held a similar position 
with Stanat Mfg. Co. 


Gordon Moline @ has been ap- 
pointed national sales manager of 
Metallurgical, Inc., Minneapolis. 
Mr. Moline, who was assistant engi- 
neer of Metallurgical’s Kansas City, 
Mo., plant, has been with the com- 
pany for four years. 


Irwin A. Binder @, vice-president, 
manufacturing, of the Ramo-Woold- 
ridge Corp., Los Angeles, will have 
direct responsibility both in Den- 
ver and Los Angeles for the activities 
of the manufacturing division. 


William A. Beck @ has been 
transferred to the Cleveland sales 
offices of the Dow Chemical Co. as 
a magnesium sales representative in 
Ohio and a field technical service 
representative for the Cleveland, 
Buffalo, Pittsburgh and Cincinnati 
sales offices. He was formerly a 
member of the magnesium tech- 
nical service and development group 
of the magnesium department of 
Dow in Midland, Mich. 


Robert W. Turnbull @ has ac- 
cepted a position as research engi- 
neer for the Fram Corp. in Provi- 
dence, R.I. He was formerly chief 
metallurgist for Fenn Mfg. Co. in 
Newington, Conn. 


Gerald R. Kilp @ received a 
Ph.D. from lowa State College, with 
a physical metallurgy major, and is 
now working at the Westinghouse 
Electric Co. atomic power depart- 
ment, Pittsburgh. 


Fritz V. Lenel @, a professor in 
the Dept. of Metallurgical Engi- 
neering, Rensselaer Polytechnic In- 
stitute, Troy, N. Y., has received an 
Award of Merit for outstanding serv- 
ices from the American Society for 
Testing Materials. 


John E. Dorn @, Thomas A. Tro- 
zera @ and Oleg D. Sherby @ were 
presented with the Charles B. Dud- 
ley Medal in June by the A.S.T.M. 
in Boston for their paper entitled, 
“The Effects of Creep Stress His- 
tories at High Temperatures on the 
Creep of Aluminurn Alloys”. Dr. 
Dorn is professor of physical metal- 
lurgy at the University of California 
while Mr. Trozera is coordinator of 
the cooperative engineering program 
of the College of Engineering, Uni- 
versity of California, Berkeley, where 
he is studying for his doctorate. Dr. 
Sherby, formerly a_ research engi- 
neer at the Institute of Engineering 
Research of the University of Cali- 
fornia and later assigned to the 
Office of Naval Research, is now as- 
sociate professor of metallurgical en- 
gineering in the Dept. of Metallurgi- 
cal Engineering at Stanford Uni- 
versity in California. 


Kenneth B. Woods @, head of the 
School of Civil Engineering and 
director, Joint Highway Research 
Project, Purdue University, was 
elected president of the American 
Society for Testing Materials at the 
Society's annual meeting in Boston. 
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CASTINGS FOR. 
TEMPERATURE 


FIXTURES 
SERVICE for every 


heat treating 
application 


Our engineers Reed only complete details about the 
casting requir@ments of your heat treating G@perction to 
design and pre@duce Fahrite castings with the correct 
_ choracteristies meet your exact operating conditions. 
[Ly A few of the many types of Fahrite castings 
made by Ohio Steel are: 


i Rails « Dipping Baskets - Retorts + Solution Pots 
q Muffies. + Rollers - Raciant Tubes + Fixtwres 
Hearth Plates Chain - Carburizing Boxes 

a 

O STEEL FOUNDRY C 


SPRINGFIELD, OHIO 


or 
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Water Quench 
TYPICAL INSTALLATION FOR AUTOMATED TEMPERING 


METAL-MESH BELTS RESIST 
WARPING OR BUCKLING—CUT COSTS 
IN CONTINUOUS HEAT TREATING 


Moving thousands of pounds of bolts per hour through 1150° F. 
temperatures is a cinch for rugged Cambridge Woven Wire Belts 
because they’re designed to take high temperatures with a mini- 
mum of operating trouble and maintenance. And, open mesh 
construction assures high product uniformity. Furnace heat flows 
through the belt and around product for fast, thorough processing. 


In cleaning, brazing, oiling and quenching operations, too, Cam- 
bridge Belts help increase production and maintain high product 
uniformity. Here’s how: 


CONTINUOUSLY MOVING BELTS ELIMINATE BATCH PROCESSING give 
faster, less costly production; reduce slow, costly manual handling. 


ALL-METAL CONSTRUCTION IS HEATPROOF, COLDPROOF, ACIDPROOF 
—Cambridge Belts can be woven from any metal or alloy to take 
sub-zero or up to 2100° F. temperatures, yet remain impervious 
to attack from water, acids or caustic solutions. 


OPEN MESH PROVIDES FREE AIR, LIQUID CIRCULATION—-gives more 
uniform heating, cooling, drying; permits flash drainage of solu- 
tions, rapid washing, quenching and cleaning. 


SPECIAL SURFACE ATTACHMENTS AVAILABLE—raised edges or cross 
flights to hold product on belt during movement. 


Talk to your Cambridge Field Engineer soon—he'll explain the many advantages 
of continuous heat treating on Cambridge Woven Wire Belts. He'll recommend 
the belt size, mesh or weave—in the metal or alloy—best suited to your opera- 
tions. You'll find his name in the classified phone book under "BELTING, ME- 
CHANICAL”. Or write for FREE 130-PAGE REFERENCE MANUAL giving mesh 
specifications, design information and metallurgical data. 


The Cambridge Wire Cloth Co. 


METAL-MESH WIRE Department B, 
CONVEYOR CLOTH Cambridge 10, 
BELTS | FABRICATIONS Maryland 


OFFICES IN PRINCIPAL INDUSTRIAL CITIES 


Personals .. . 


A. Allan Bates @, vice-president 
of research and development, Port- 
land Cement Assoc., was chosen vice- 
president, A.S.T.M. Elected for 
three years on the Board of directors 
were Paul A. Archibald @, chief 
metallurgist at Standard Steel Works 
Div. of Baldwin - Lima - Hamilton 
Corp., and William L. Fink @ chief, 
physical metallurgy division, Alcoa 
Research Laboratories. 


Jack L. White @ has been ap- 
pointed staff member of the John 
Jay Hopkins Laboratory for Pure and 
Applied Science, General Atomic 
Div. of General Dynamics Corp., 
San Diego. He was formerly a 
research associate in the metallurgy 
division of the Naval Research Labo- 
ratory, Washington, D.C. 


John DeMoss @, formerly with 
the University of Notre Dame and 
the Keystone Carbon Co., has trans- 
ferred within the General Electric 
Co. from the Small Aircraft Engine 
Dept., Lynn, Mass., to the Missile 
and Ordnance Systems Dept., Pitts- 
field, Mass. 


George Mayer @ is serving his 
tour of duty in the Air Force at 
Tinker Air Force Base in Oklahoma 
City, Okla. He was formerly con- 
nected with Allied Research Asso- 
ciates, Inc., of Boston, as a research 
engineer and with the Chrysler 
Corp. missile division in Warren, 
Mich., as development engineer. 


Victor Skvara @ has accepted a 
position with Martin Co. of Orlando, 
Fla. He was formerly with Hamil- 
ton Standard Div., United Aircraft 
Corp., Windsor Locks, Conn. 


Gerald X. Diamond @ is now 
metallurgical consultant in Madison, 
Wis., continuing graduate studies 
toward an advanced degree in his- 
tory of science. 


Frank J. Pryatel has been trans- 
ferred from the Cleveland Crawler 
Tractor Plant of the Oliver Corp., 
where he had been superintendent 
of methods and standards, to the 
Outboard Motor Div. in Battle 
Creek, Mich., as plant manager. 


K. W. Tantlinger @ has accepted 
the position of vice-president of en- 
gineering for Fruehauf. He was 
formerly vice-president engineering 
for Pan Atlantic Steamship Corp. 
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here’s a 
furnace 


with 


a brain! 


.. SPECIALLY BY * 


/, 


FOR AUTOMATED BRAZING... 


SAVES SOLAR AIRCRAFT LABOR, SPACE, TIME AND MONEY! 


Designed and built by Pacific Scientific for Solar Aircraft 
Co., this new triple elevator, two furnace installation is 
equipped with program controls to give fully automatic 
operation of temperature, time and atmosphere. 

Push one button, and the installation will perform 
almost any number or combination of processing condi- 
tions required for any specific high-temperature brazing 
sequence. Once set and started, the installation is on 
its own. The operator need only make adjustments as 
signalled by the system's lights and buzzers. 

With exact programming schedules under automatic 
control, consistent high quality of all parts is assured. 
And these parts are processed on a fast production basis. 
The entire operation of heating and cooling as well as 
the purge gas and process gas—is continually controlled 
and recorded. Unique atmosphere safety-control panel 
works with temperature control instruments to produce 
identical cycles — unequalled in performance. 

Believed to be the only one of its kind in the United 
States, this installation is a good example of Pacific's 


TRAOE MARK 


GAS OR ELECTRIC 


PACIFIC SCIENTIFIC COMPANY 


LOS ANSELES 
GAN FRANCISCO 
SEATTLE 


INDUSTRIAL 


creative engineering that has resulted in a unique furnace 
to speed production, reduce costs, improve product 
quality, and eliminate human error. This is the type of 
creative engineering one can expect from Pacific Scientific. 

Whether your needs call for a standard design furnace 
or a special furnace such as Solar’s furnace with a 
“brain”— Pacific can be of service to you. For specific 
information, call or write Pacific Scientific Co. today! 


THIS SOLAR FURNACE SUPPLEMENTS TWO OTHER 


.. good evidence of a satisfied 
customer! Shown to the right are 
the two other Pacific Furnaces de 
signed and built for Solar to pro 
vide high speed production brazing 
of honeycomb parts. Each has inside 
dimensions of 8 ft. in diameter by 
10 ft. high with a capacity for two 
tons. Each is capable of brazing 
honeycomb parts that will with 
stand 1600°F. continuously and 
2000°F. intermittently. Each is 
typical of the creative engineering 
you will find at Pacific 


HEAT TREATING EQUIPMENT 


PACIFIC SCIENTIFIC COMPANY © P.0. Box 22019, Los Angeles 22, Calif. 
(0 Please send me a copy of your new 


(CO Please send me 
details on custom 


catalog and full information on 
designed furnaces. 


Pacific Heat Treating Equipment. 


Company... 
Address 
Zone State 
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PORTLAND, OREGON 
APLINGTON, TEXAS 
SAN DIEGO 


CREATIVE DEVELOPMENT 
AND MANUFACTURING 
IN FURNACE DESIGN 
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--- SINTERED 
POWDERED METAL 


B BEARINGS was PARTS 
‘The newest facilities for the 

production of bearings and parts 

made of Sintered Powdered Metal 

and Cast Bronze Alloys are offered to 

designer, engineer and machinery 


manufacturer by The Bunting 
Brass and Bronze Company. 


Bunting resources, 
reputation and responsibility 
together with a complete 
new plant and modern 
equipment provide Sintered 
Powdered Metal products 

at a high point of quality 
and precision. 


Bunting Engineering is 

available without cost or 

obligation to all. Write 

for new Bunting 

Engineering Hand Book. 4 
24 pages packed with new 

technical data on 

powdered metal products 

manufacture pod 

application. 


Sintered Plain and Flange ng Solid and Tubular Bars and 
Thrust Bearings, Cast Bronze Plain Bearings and Bars are avail- 
able from stock in a wide range of sizes. agp apeo for special 
bearings or special parts will be sent promptly on receipt of prints. 


Bunting 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE OR SINTERED METALS 


The Bunting Brass and Bronze Company * Toledo 1, Ohio * Branches in Principal Cities 


Personals . . . 


William R. Milliken ©, a veteran 
of 19 years’ experience in metallurgy 
and sales with U. S. Steel Corp., has 
been appointed manager of stain- 
less bar and wire sales by Universal- 
Cyclops Steel Corp., Bridgeville, Pa. 


Don R. Knuebel @ recently joined 
Power Equipment Co., Pittsburgh. 
He was formerly with E. F. Hough- 
ton Co, as a sales engineer. 


Henry M. Heyn @ has been 
elected president of Surface Com- 
bustion Corp. and president of the 
Surface industrial division, Toledo, 
Ohio. Mr. Heyn was formerly vice- 
president and general manager of 
the industrial division. 


Ralph E. Herzler, Jr., @, has been 
appointed aluminum specialist for 
Chase Brass & Copper Co., a sub- 
sidiary of Kennecott Copper Corp. 
He will make his headquarters in 
Chicago. 


James C. Mourkas @, formerly 
assistant to the manager of the tin 
mill products division of the Jones 
& Laughlin Steel Corp., Pittsburgh, 
has become assistant manager of 
the division. Mr. Mourkas joined 
the Jones & Laughlin sales training 
program in 1952 after his graduation 
from Yale. 


E. H. Platz, Jr., @, Lebanon Steel 
Foundry, Lebanon, Pa., has been 
elected to the Board of Directors of 
the Alloy Casting Institute, Mineola, 
N.Y. E. A. Schoefer @ was re- 
elected executive vice president and 
treasurer of the Institute. 


‘Hugo E. Johnson @ has been 
elected president of the American 
Iron Ore Assoc., Cleveland. Mr. 
Johnson has been with the associa- 
tion since 1954, and prior to that 
was assistant manager of the project 
development group at Battelle Me- 
morial Institute, Columbus, Ohio. 


R. L. Pope @ has been appointed 
district manager in Cleveland of 
the Electro Metallurgical Co., New 
York. Mr. Pope joined Electromet 
in 1952 as a metallurgical service 
and development engineer in Chi- 
cago, transferring to the New York 
office in 1954. In 1956, he was 
appointed assistant manager, mar- 
keting research division. 
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Allease furnace 
clips cost % on 
manicuring implements 


One man and one furnace now match the 
former production of two men and two furnaces in this 
plant. Added to this gain are two others: greater ver- 
satility in processing, and finished work of uniformly 
high quality. The latter is especially important to this 
manufacturer of manicuring implements, because he 
offers a lifetime guarantee on many of his products. 

The “hero” of this story is the Surface Allcase® fur- 
nace, which is used for hardening, carbonitriding, 
carburizing, and annealing. Controlled atmosphere is 
supplied by a Surface MRX® gas generator. Work 
handling and atmosphere control can be completely au- 
tomatic, if you wish. Why don’t you find out about 
this profitable furnace now? 

Write for Bulletins SC-163 and SC-174. 

Surface Combustion Corporation, 2377 Dorr St., 
Toledo 1, Ohio. In Canada: Surface Industrial Furnaces, 
Ltd.. Toronto, Ontario. 
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wherever heat is used in. industry 


use lighter loads. 


choose from 8 ARCWELD models 


Wherever there’s a need for accurate, economical creep rupture test- 
ing, the answer to that need is performance-proved creep rupture 
testers from Arcweld Manufacturing Co. 

Choose from 8 compact, easy to operate, low maintenance Arcweld 
models. Capacity ranges from 6,000 to 30,000 pounds. Oversize 
Arcweld furnaces produce stable temperature up to 2,200 degrees 
maximum at no additional cost. Exclusive automatic beam leveling 
control: no matter how far the sample stretches, beam remains level. 

Other products: eight-station rotary furnace jigs for hot tensile 
testing, master control panels, twelve-furnace Universal heat treat 
units and instrument cabinets. 

Hundreds of thousands of hours of lab performance have proved 
Arcweld testing machines to be the logical choice. Clip this coupon 
or write on your business letterhead to Arcweld Manufacturing Co. 
today for more information and a complimentary Arcweld Creep 
Load Calculator. 


See Arcweld’s Booth 1722 at October Metal Show in Cleveland 


PI d more information about Arcweld 
JNARCWELD | testing cquisment. Have 2 selesman cal 
MANUFACTURING 


COMPANY Name Title 
P. O. Box 311, Grove City, Pa. Company Principal Products 
Phone 1470 tiy 


M-3 Arcweld Creep Rupture Tester, custom de- 
signed for labs which test smaller size specimens or 


For accurate creep rupture testing 


Personals .. . 


Craig S. Hartley @, after receiv- 
ing a bachelor’s degree in metallur- 
gical engineering from Rensselaer 
Polytechnic Institute, accepted a 
post as staff metallurgist, funda- 
mental metallurgy group, Nuclear 
Metals, Inc., Cambridge, Mass. 


Steve S. Kozich @ has accepted 
the position of heading subcontrac- 
tor, quality control and receiving in- 
spection, at the liquid rocket plant 
of Aerojet-General Sacra- 
mento, Calif. 


Corp., 


Kenneth Futernick @ recently 
organized K & F Metal Products Co., 
a brass and aluminum foundry. 


Dominick C. Zaccone @ has ac- 
cepted a position with the Pratt & 
Whitney Aircraft Research and De 
velopment Center, West Palm Beach, 
Fla., as materials test engineer. He 
was previously with the aircraft en- 
gineer division, Ford Motor Co. 


J. Weertman © is now a scien- 
tific liasion officer for the Office of 
Naval Research, London, covering 
the field of metallurgy. 


R. P. Lutz @ has been named 
director of the Western Electric 
Engineering Research Center near 
Princeton, N. J. He was formerly 
vice-president of operations of the 
Sandia Corp. in Albuquerque, N. M. 


During the Third Seminar on 
Powder Metallurgy held in Reutte, 
Austria, in June, a general meeting 
of the International Plansee Society 
was held at which Henry H. Haus- 
ner ©, vice-president, nuclear engi- 
neering division of the Penn-Texas 
Corp. of New York, was appointed 
president and Ivor Jenkins @, chief 
metallurgist for the General Electric 
Co. Ltd. of England, was appointed 
vice-president. The Plansee Medal 
was awarded to Prof. Franz Skaupy 
for his outstanding contributions to 
powder metallurgy and related fields. 


Daniel F. Heintz @ and Paul S. 
Danilov @, sales trainees of Sharon 
Steel Corp., Sharon, Pa., have re- 
ceived sales assignments in the 
company. Mr. Heintz has been as- 
signed to the market research divi- 
sion while Mr. Danilov will be a 
sales representative in the Sharon 
district sales office. 
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Your Source of Quality Heat Treating Materials 


and Personalized “On-the-job Service” 


The next time you're faced with a difficult and costly heat 
treating problem, call in the man whose training and 
experience qualifies him as “the man with the answers”: 
your local representative of the Park Chemical Company. 
As a representative of Park Chemical, for 45 years pro- 
ducers of a complete line of quality heat treating materials, 
your Park man will help you decide which materials and 
methods are best suited to smooth out your heat treating 
operations. 

Carburizing or hardening, heating or quenching, what- 


ever the operation may be, the Park man will show you 
the Park product that will result in more efficient, less 
costly heat treating. On-the-job tests in plants all over the 
country have proven that Park heat treating materials 
mean less rejects, better finishes, and virtual elimination 
of production tie-ups. 

Whenever a difficult heat treating operation threatens 
to tie-up your production, call in ie Park man for on- 
the-job help. He’s always available. Call him, or write 
us direct. 


Solving Heat Treating Problems Since 1911 


PARK CHEMICAL CO. 


8074 Military Avenve © Detroit 4, Michigan 


Phone: TYler 5-7215 


PHILADELPHIA BRANCH PLANT 
3031 N. Melvale Street 
Phone: GArfield 6-6030 


LICENSED MANUFACTURERS 


Electric Resistance Efco —Lindberg Ltd. Park Italiana 
Furnace Co. Ltd. 15 Petham Avenue Via Giampiero Lucini 21 
Netherby, 161 Queens Road Toronto 9, Ontario Milano, Italy 
Weybridge, Surrey, England 


AGENTS 


MINNEAPOLIS — industrial Electro-Gas Equip. Co., teu” ATiantic 1907 
HOUSTON—\W. K. Griggs Co., Phone CApitol 8-2261—7-5 523 
DALLAS—WM. K. Griggs Co., Phone: WHithall 1-4994 

TULSA— Kimball Chemical Co., Phone: Gibson 7-0168 

KANSAS CITY —Industrial Electro. Gas Equip. Co., Phone: BE 1-3317 
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Alley Products 
6438 E. Corvette St 
Los Angeles 22, California 
Phone: RAymond 3-6487 


REPRESENTATIVES 


DETROIT—C. R. Foreman, W. P. Askew, L. S. Woodside 

CLEVELAND—R. W. Cameron, 19106 Southgate Road, Phone: LOngacre 1-8072 
CHICAGO—M. J. Vandenberg, 2008 W. 102nd Street, Phone: CEdarcrest 3-7135 
EAST LANSING, MICH.—R. Hammerstein, 1015 Northlawn, Phone : EDgewood 2-3926 
CINCINNATI—/ames F. Hetz, 1313 Mimosa Lane, Phone: GRandview 1-3145 
LYNNFIELD CENTER, MASS.—R. H. Settles, 651 Lowell St., Phone: 4-3390 
PHILADELPHIA—T. J. Clark, 7240 Lawndale St., Phone: Pligrim 5-6562 
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LABORATORY TUBE FURNACES 


For carbons and sulfurs at high temperatures 


ad- 


vanced design for fast 


determination 


with 


silicon 


= > 


‘Drawer Panels 
for Ease of 
"Instrument panels pull 
of inspection, parts 
| servicing when necessary. 
electric ‘components are 


Cat. No. FURNACE 

24-934 One-Tube Furnace, Model H-1-9 
24-944 Two-Tube Furnace, Model H-2-9 
24-954 Four-Tube Furnace, Model H-4-9 


For use with 115 or 230 volts, 60 cycle, as specified. 


Prices listed are F.O.B. Pittsburgh, Pa. 
Ask for Bulletin No. 310 


BURRELL CORPORATION 
Scientific Apparatus and Laboratory Supplies 


2223 FIFTH AVENUE, PITTSBURGH 19, PA. 


Personals . . . 


Paul M. Cohen @, formerly asso- 
ciated with the Westinghouse Elec- 
tric Corp. metals plant at Blairsville, 
Pa., as development metallurgist, 
is now metallurgist in charge of 
engineering services at Beryllium 
Corp. in Reading, Pa. 


Henry E. Ott, formerly manager 
of the materials and process labora- 
tory of the air conditioning depart 
ment of General Electric Co., 
Bloomfield, N. J., is now manage: 
of Modern Metal Industries of New 
Jersey, Inc., Verona, N. J. 


Fred Spiegl @ has been elected 
president of the Board of Directors 
of Titanium Fabricators Inc., Bur- 
bank, Calif. Mr. Spiegl was the 
founder of the company and former 
executive vice-president. 


Robert J. Bradley @ has joined 
Plastic Horizons, Patterson, N. J., as 
chief engineer after serving for three 
years as consulting engineer. 


Glenn F. Whiteley @ has been 
appointed manager of the Indian- 
apolis plant of Heppenstall Co., 
Pittsburgh. Mr. Whiteley started 
with the company as a metallurgist 
at its Bridgeport, Conn., plant and 
was promoted to chief metallurgist 
there in 1944. He was transferred 
to Indianapolis in the same capacity 
in 1955. 


Joseph H. Brennen @, chief metal- 
lurgist of the Electro Metallurgical 
Co., Niagara Falls, N. Y., has been 
named as recipient of the Frank J. 
Tone Medal Award. The medal, 
awarded annually by the Niagara 
Frontier Section of the A.I.M.E. to 
an outstanding contributor to science 
and practical metallurgy, will be 
presented to Mr. Brennen at the 
annual award meeting in November. 


Arthur E. Bayce @ has assumed 
duties as a metallurgist in the mate- 
rials engineering and corrosion de- 
partment of the Shell Development 
Co., Emeryville, Calif. 


Lester A. Shea @, who has been 
associated with Lindberg for more 
than 20 years, has accepted the 
position of district sales manager of 
the Pennsylvania office of the Lind- 
berg Engineering Co., with head- 
quarters in Pittsburgh. 
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THIS 


Your process 
might be the next to benefit 


Until recently, Flexal? was the elusive missing link in a Swift research 
program aimed at the development of a superior and highly heat re- 
sistant water insoluble metal processing lubricant. 

Flexal? is a‘ light’’ metallic powder of extremely uniform consistency. 
It has exhibited excellent heat stability and has shown long, effective 
and economical service life as an anti-friction agent for the processing 
of ferrous metals. 

Swift’s success with this program has revealed a variety of usages for 
Flexal? which has led to the development of a whole family of Flexals. 
The combination and range of physical and chemical propertiés offered 
by this new family of products will be of interest to anyone seeking a: 

colloidal agent ¢ stabilizers process lubricante parting agent high 
speed and anti-friction compound e carrier « plastic additive « ex- 
tender—and many other uses. 

The Flexals are available in production quantities or on sample or 
trial order. The benefit of Swift's technical experience with these 
remarkable products is available to help you. Just write for details. 
Swift & Company, Soap Dept., 4115 Packers Ave., Chicago 9, Illinois. 


GENERAL PROPERTIES: 
CHEMICAL PHYSICAL 
moisture—from 1% to 3% mox. form—aomorphous to powder 
titer ronge—10° C to 60° C color—groy to white 
todine number—3% max to 95 odor —nevtral 
melting point—150° F to 800° +. F solubility—versotile; Flexols con be 

storage life—completely stable either soluble or insoluble in woter 
. molec. weight—(approx.) 288 to 700 or solvents, depending upon need. 
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Personals . . . 


R. C. Rhoades @, formerly super- 
intendent of Bolt & Forged Prod- 
ucts, has been appointed works 
manager of the Kansas City Works 
of the Armco Steel Corp. 


Albert J. Woods @ has been 
named Buffalo, N.Y., district man- 
ager of the Latrobe Steel Co. 


G. H. Weight @, formerly South- 
west district sales manager of Bab- 
cock & Wilcox Co. tubular products 
division, has been made sales man- 
ager, middle states, with headquar- 
ters in Chicago. He joined the 
company in 1926 and entered the 
sales department in 1935. 


Gregory R. Taylor @ has been 
appointed sales manager of the new 


all in Auto m ated H ard e n Cold-Prest Impact Extrusion Div., 


Mueller Brass Co., Port Huron, 


Mich. A sales engineer for the past 
Quench and Draw eight years, Mr. Taylor has been 
affiliated with the Weatherhead Co. 
and the Townsend Co. 


Richard Hayden @, formerly head 
of the industrial furnace division of 
Eclipse Fuel Engineering, Rockford, 


A large automotive plant 


required furnaces to heat treat 
4,000 Ibs. per hour of forgings ; : Ill., will have charge of gas furnace 
or castings automatically. The ; sales at Hevi-Duty Electric Co., 
equipment had to be durable ne We |b Milwaukee. Eclipse’s industrial fur- 
to produce a constant uninter- ; nace division was recently acquired 
rupted flow of parts and also . aT ee by Hevi-Duty. 

effect a substantial saving over 


Herbert E. McCoy @, formerly 
previous methods. 


at the University of Tennessee and 
Industrial’s direct fired continuous belt type hardening furnace and Sidney G. Nelson @, until recently 
famous “CIRC-AIR” draw are doing the job. Loading 35 lbs. per square at Pennsylvania State University, 
foot of conveyor, hardening is at 1700 deg. F., quench in 1700 gallons were appointed to the staff of the 


Oak Ridge National Laboratory, 
of oil and temper at 1200 deg. F. Oak Ridge, Tenn. 
The rugged, dependable Industrial furnaces are completely automatic; 


produce 4,000 Ibs. per hour every hour every day. E. N. Smith @ has been named 
technical director of the Kennametal 
Inc. chemical and metallurgical labo- 
ratory in Latrobe, Pa. He has been 
Industrial’s “CIRC-AIR” draw furnace is the most efficient heating machine associated with Kennametal Ine. 
made for temperatures up to 1300 deg. F. High velocity fans force re- since 1945. 

circulated hot gases through the work with no temperature head. Thin 
and thick sections come to heat evenly; and the entire load is heated 
uniformly. 


Besides saving man hours, there is a 20% fuel saving by use of the con- 
tinuous belt conveyor operating wholly within the hardening furnace. 


Charles W. Sinclair @ has been 
appointed vice president, engineer- 
ing, for all divisions of the Kelsey- 
Send for ‘CIRC-AIR” Bulletin No. 13-A Hayes Co., Detroit. Connected with 

SEE US AT BOOTH No. 1035 Kelsey-Hayes since 1911, Mr. Sin- 
NATIONAL METAL SHOW clair previously had served as chief 


RIAL, engineer for the automotive division. 
HEATING EQUIPMENT CO. Winston R. Seetoo @ has been 


CIRC-AIR 3570 FREMONT PLACE, DETROIT 7, MICHIGAN © WALNUT 3-7000 promoted from test engineer to test- 
ing supervisor for Metals Research 
PIONEERS AND STILL LEADERS IN RECIRCULATION and Development, Inc., Exeter, Pa. 
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The Buyers Guide 
For Metals Engineers 


BARGAINS YOU CAN TRUST 
Priced to Save You 50% and More! 


ORDER BY STOCK NUMBER .. . Open Account or 
send check or money order. We gquorantee complete 
satisfoction or money bock! 


Erect Image Mechanical 
Low Power Microscope = Drawing Set 


5X, 10X, 20x Regular Price $18.00 
Extemely sturdy with rack and Our Price Only $6.00 Pstpd 
Pinion focusing color § corrected 
optics turntable microscop body 
for inclined viewing thre ai 
ferent powers, tong working distance 
under objectives sufficient eye relief tor easy 
viewing, Made from war surplus opt cal instru 
ment so that you actually eet $8900 of value neq rew 
Weighs 4 ths. 13” high, 10 DAY FREE TRIAL r- 
Accessory objectives available for powers of (5X 
WK. Stock No. 50. 200-HA $6.00 Postpaid 
Quantity Price 5S Sets for $5.50 each Postpaid 


Stock No. 70,172-HA $19.95 Postpoid 10 Sets for $5.00 cach Postpaid 
Send For 84 Page FREE CATALOG “HA 


| ; Over 1.000 Optical ttems for industry, hobbyists. Cost- 
cutting aids Quality contro! tools Astronomical Telescopes, 


OPTO-METRIC TOOLS, INC Microscopes, Lenses, Prisms, etc. Ask for FREE CATALOG “HA” 
EDMUND SCIENTIFIC CO. Barrington, New Jersey 
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© Quarantee you will be satisfied or 
efunded 


The ideal gift for a metals man 
is a copy of ... 


DR400 Ultrasonic cleaning unit “paid for 


itself in the first six months operation... a ia ‘ MODERN MAGIC 


reduction of hand labor operations... 6 
resulted in a savings in the ultimate ~—- y ia ee An ASM book of interest to 


manufacturing costs.” 


both the expert and the stu- 
Photographed at Otis Elevator Company, 


Electronic Bivision aie. 2 dent. The exciting story of the 
The electronic chassis frames and sub-assem- 4 


blies are immersed and cleaned of excess vats : progress of metals. What 
solder and solder flux in a fraction of the , 


time previously required. "ie = metals mean to man. 
Write for “Building Blocks for Industry” gies 


Windsor Ave. tdineola, Ploneer 7-7 


115 7%. jefferson Bivd. Culver City, Colif. Order your copy from ASM Headquarters 


in Clevelond. Postage paid. 
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— Metal Progress 
F UNIVERSAL 
HARDNESS | 
TESTER 
combines 
tests for Rock 
well B and C, Be 
Brinefl and & 
Vickers in one ae 
low - priced ma- 
chine with NEW i 
- button 
- selector 
zeroing for dial 
L 171 L N 6 ON INF JPON PAGE 17 
AVE «ath EQUIPMENT 
16] 


NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


FAST... ACCURATE 
NON-DESTRUCTIVE 
DIRECT-READING 


® Instantly measures the thickness 
of metallic and non-metallic coat- 
ings and films 

Based on eddy-current principles 

® Enables measurements on small or 
otherwise inaccessible areas 


This portable instrument for both lab- 
oratory and production use, gives fast, 
accurate and direct readings of virtu- 
ally any coating on any base, including: 
® Metal coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 

Non-metallic coatings (such as 
paint, anodizing, hard-coat,ceramic) 
on metal base 

Metal films (such as vacuum met- 


alizing) on non-metallic base (plas- 
tics, ceramics) 


MEASURING PROBES ARE 
AVAILABLE IN THE TH 
TYPES SHOWN BELO 


NEW RIGHT-ANGLE 

PROBE model “RP” en- 

ables measu:ements in holes 
down to 2” |.D. 


STANDARD PROBE mode! ‘‘SP" 
enables measurements on con- 
vex surfaces down to Ve” r 
dius of curvature and on 
concave surfaces down to 

2” radius of curvature 


MODIFIED STANDARD 
PROBE model “MP” enables 
measurements on concave 
surfaces down to %4” radius of 
curvature 


Each of the above probe types is 
available in 4 different thickness 
ranges—A, B, C and D, from thick to 
thin deposits. 

Write for latest bulletins and ques- 
tionnaire to help solve your thickness 


testing 


DICE 
does it better! 


THE CYCLOGRAPH, (Model C) 


for unscrambling 


metal mixups 

This instrument permits truly 
high speed, non-destructive 
sorting of raw, semi-finished or 
finished parts by their metallur- 
gical characteristics. With the 
new Automatic Sorter Unit, 
speeds up to 300 pieces per 
minute are possible with the use 
of suitable feeding equipment. 
Used by leading industrial firms 
everywhere. 


J. W. DICE CO. 


“Non-destructive Testing and Measuring Instruments” 
Englewood 3 New Jersey 


In Canada: Non-Destructive Testing Corp., Ltd., Toronto 


Tensile and fatigue test «pecimens can be 
accurately machined from foil metals as light 
n less than two 

our letely free 


1 configura 


able with motors from ‘% t\ 
ou at woehure 


Trade Mark Registered U.S. Patent Office 
Patents Pending United States & Canada. 


SIEBERG INDUSTRIES 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


ne Pioneer American 
' Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 


freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Von Wyck Exp., Jamaico 35, N.Y. 
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Metallizing Wires 


2795 East 83rd St., Cleveland 4, Ohio 
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LIST NO. 133 ON INFO-C 


with Magnetic Analysis MULTI-FREQUENCY 
EQUIPMENT. An eddy current tester with six 
inspection methods operating simultaneously 
— for high-speed, non-destructive testing of 
non-ferrous and non-magnetic tubing, bars 
and wire from %” to 3” diameter. Detects 
both surface and sub-surface flaws, and 
variations in chemical, physical and metal- 
lurgical properties at speeds of 200 to 600 
ft./min. 


“THE TEST TELLS” 
For Details Write: 


MAGNETIC ANALYSIS CORP. 


42-44 Twelfth $t., Long Island City 1, N. Y. 
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] — we cold « ne and the «pe 
TensilkuT machines a wide range of metals 
Z including teel, aluminium tainless tee! 
coppe titanium vaniun vad the iper 
10 Ten t ub and floor more are avail 
| 
LIST NO. 13! ON INF UPON PAGE 
OU PON PAGE 17! 
fee 
~~ 
for = 
\ 
Metal Spraying 
| 
p 
ASSEMBLIES, INC. 
LIST NO 39 ON INFO-COUPON PAGE 
162 
ter? 


ia 


Thick 


Rapid, Accurate, 


VIDIGAGE 


14” or 21” Cathode-Ray Screen with 
direct-reading scales between 0.005” 


and 2.5”; accuracy 0.1% to 1.0%. 


Non-Destructive 


AUDIGAGE 


Portable Thickness Testers for ranges 
from 0.020” to 4” or 0.060” to 12” 
of steel; accuracy up to 1.0%. 


Detect Laminar Flaws and Lack of Bond 


BRANSON 


INSTRUMENTS, INC. 


TESTER 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
NO CONVERSIONS OR CALCULATIONS 

* TEST ANY SIZE, SHAPE OR TYPE METAL 

NO SKILL REQUIRED 

* SCALE READINGS IN ROCKWELL & BRINELL 

© ACCURACY GUARANTEED 


Many thousands used by industry and government. 
W rue, wire or call for additional details and prices. 


NEWAGE INDUSTRIES, INC. 


222 Vork Read Jenkiniown Pennsyleania 
Tlrner 48494 Dept MP 
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KENTRON 


 WARONESS 


Applies 1 to 10,000 gram loads 
Write for Bulletin 


Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 
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NEW pocket-size 
THICKNESS GAUGE 


For flat or 
curved 


surfaces 


only 
$7 5,00 


B. Cleveland 


Measures Nonmagnetic 
Coatings with 
«5% + .0001” accuracy 


ELCOMETER measures thickness of 
porcelain enamel, paints, platings, 
foils, glass, paper, plastics, and other 
nonmagnetic coatings quickly and 
accurately. Gauges flat or curved 
surfaces and hard-to-get-at spots 
easily. Needle locking device assures 
correct reading every time. Complete 
with leather case containing inner 
pocket for test strips. Weighs only 
6 oz. Completely self-contained. 


WRITE FOR ILLUSTRATED FOLDER 


FERRO CORPORATION 


4155 East 56th Street 
Cleveland 5, Ohio 
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with 


MAGNETIC ANALYSIS... 


MULTI-METHOD EQUIPMENT 


Electronic equipment for non-destructive 
Production inspection of steel bars, wire 
rod, and tubing. Detects mechanical faults 
and variations in composition and physical 
properties. Average inspection speed — 120 
ft. per minute 


SPECIAL EQUIPMENT 


Electronic equipment for non-destructive 
production inspection of non-ferrous bars 
and tubing as well as both non-magnetic 
stainiess and high temperature steel bars 
and tubing — seamless or welded. Mechanical 
faults, variations in composition and physi- 
cal properties are detected simultaneously 
Average inspection speed — 200 ft. per 
minute 


WIRE ROPE EQUIPMENT 


Electronic equipment for inspecting ferro- 
magnetic wire ropes from 1/32” to 3” 
diameter. Detects broken, cross-over or 
missing wires, plus defective welds and 
deformations at production speeds up to 
several hundred feet per minute. 


COMPARATORS AND METAL TESTERS 


Electronic instruments for production sorting 
of both ferrous and non-ferrous materials 
and parts for variation in composition, 
structure and thickness of sheet and 
plating. 


DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing 
When used with Magnetic Analysis Multi- 
Method Equipment, inspection and demag- 
netizing can be done in a single operation. 


MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials 
and parts. 


Testing from One Side 
|| 
| 
Specializing 
_in Ultrasonics 
LIST N N INF N PA 71 
FR opel 
of, Zz 
“make hardness tests f 
ANYWHERE. 
with La 
NEWAGE | 
a 
\ 
| \ 
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USED EQUIPMENT 


HEAT-TREATING 
| | | BASKETS 


All shapes, sizes, alloys. 
Estimates without obligation. 


THE c. Oo. 


2—Like-new roller hearth furnaces! 


Surface Combustion recirculating ovens 


for tempering or aluminum treating. 


Inside work dimensions: 49 in. wide x LIST NO. 91 ON INFO-COUPON PAGE 171 


JELLIFF 


MANUFACTURING CORP. 
SOUTHPORT, CONNECTICUT 


17% ft. long x 26 in. high. 


Gas-fired for 1200° F. Complete with 


automatic doors and fast discharge 
mechanism, two recirculating fans with 


15 hp. (220/440/3) motors, turbocom- 


pressor, safety equipment, and Brown 


Electronik strip chart recorders. cuts treating time 50% 


1—Same as above except 45 ft. long. lowers labor costs 66% 
Bricklined. 


A well known fe vans customer® substituted WIRETER 
v 


ba sket and frame cast on pot at ‘ 


ot doll in abo ate alr nance vplacements 
‘ production t 
eng neered basket an «do the ame f ou it ll pay 


tiga 


in processing since 1932 


5 Mason St. 
Wiretex Bridgeport 5, Seen. 


type heat treating furnaces and dine A Way to save hundreds 


oy. metal and 


*Actual case history story, photos and WIRETEX catalog, free for asking. Write today! 


Wiretey 
BASkers 
MUFFiEs 
© SCREENS 
RETORTs 

© TRAYs 


vy 
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Martin P. Treanan 
6253 Hollywood Bivd. 
Los Angeles 28, Calif. 


Fred € 

Biair Engineering Co. 
4100 Grape St 
Denver 16, Colo. 


Richard D. Lindner 
583 Wolcott Hill Rd. 
Wethersfield, Conn. 
Logan J. Swinenhart 
309 St. Louis Ave. 
Rockford, 
William McAtee 

626 N. DeQuincy St. 
Indianapolis 1, Indiana 


STANW 
at Treating Equip 


Marr Dix 

Metallurgical. Products Co. 

1199 Beacon St 

Brookline 46, Mass. 

Cari H. Schmidt Co. 

16405 W. 8 Mile Rd. 

Detroit 35, Mich 
Gustafson 

Griggs——Midway Bidg. 

Fairview at University 

4, Minnesota 

Kelvin Stani 

716 River Road 

Trenton 8, New Jersey 


STANWOOD 


4817 W. CORTLAND STREET 
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CHICAGO 39, ILLINOIS 


METAL 


R. Breck Steele 


254 West Street 
New York 1 New York 


Stewart Co tne 
$32 Univers: Bidg 
Syracuse 2, 


Charies Plant ae and 
Warren @ tu 

Alloy Sales & 
890 Lake Avenue 
Cleveland 2. 


Joseph 8. Abel 
S213 Celia Place 
Pittsburgh 24. Pa 


Eugene C 


ra 
Craig tndust pt. Co. 


1101 Popiar Avenue 


Memphis 4. Tennessee 


Griggs Co tne. 


322 West 
Dalias, Texas 


Griggs Co., 
San Jacinto 
Houston 4. Texas 


Robert M. Onan Co 
S138 North 35th St 


Milwaukee 9, Wisconsin 


PROGRESS 


— j ls, } th aN 
MPN 
Pit Furnace } 
© resist acids, heat 
Sbrasion or expos. 
Small, large — 
be 
en 
Lie 
— 
ae wear ee! 
\ = 
PATION 
= CORPORAT 
| 


NEW 
CHROMALOX 
STUD 
HEATERS 


for 


AL LOY ENGINEERED 


RETORTS & BASKETS 


Engineering answers and 

highest quality monufacturing . . . 
developed by yeors of 

alloy specialization. 


Designers... Engineers... 
Fabricators. ..Call Alloy for 
quick service on all your 
heat treating requirements. 


LLOY 


ENGINEERING CO. 


74 SHELDON ROAD 


shrink- 
BEREA,. OHIO 


Licensed for Manutacture 
US Patent No 780/454 


tightening 


44 N INF N PA 


PRODUCED AND PRICED RIGHT 
FOR YOUR ELECTRIC FURNACE NEEDS 


DYNA-TROL 


large studs 
and bolts 


Carburizing Atmosphere 
Generator and 
Automatic 
Contre! 


With 


Stud 


Electric 
Heaters, you can 
easily and 


irink-fit 
maximum 


A pressure 
“ys 
$1312.50 
tightness is desirable 
is oose stud heater 
wattage required 
i to produce desired 


Automatic hold and eut- stud 
off instrument available $1325.00 


“ATMO-CARB"’ 
MODEL MHE-458 
Complete with 
Chromalox 


accurately 
steam 
large 
turbines 


bolts on 
ls, 


presses, motors, 


Automatic Controls Available on all wherever 


Infinite zone tempera- 
ture contro! 


Zene temperature § indi- 


cation by Pyrometer 
Selector Switch 


expansion 


Patented element holders Drill largest possible 


Infinite variety of time- 
tem perature 


tainable 


Rugged construction 


curves ob- 


Other Sizes ond 
yi 5 Arrangements Available 
MANUFACTURING CO. 


Chester 77, Pa. 


the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 

Quenching Oils with 

QUENZINE added. 

For information on 

this new additive and 

other Beacon Brand 

Heat Treating Com- 

pounds write to... 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


3401 W. 140th Cleveland 11, 
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END 
POT 
FAILURE 


Switch to scheduled pot maintenance with 
low-cost pressed-steel pots for lead, sale, 
cyanide, oil-tempering, metal-melting. 
Can't turn suddenly defective, because 
no faulty steel survives drawing. Request 
catalog from Eclipse Fuel Enginecring 
Co., 1127 Buchanan St., Rockford, Ill. 


INDUSTRIAL 
COMBUSTION 
: DIVISION 


LIST NO. 176 ON INFO 
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hole in. stud 

Insert heater into 
hole . . energize 
heater 

When maximum ex- 
pansion is attained, 
draw down bolt. 
De-energize and re- 
heaters. Cooling 
and contraction draws 
down to desired tightness. 


move 


FREE! Send for new Bulletin 
L.-1244. Contains detailed 
product description, illustra- 
tions of how to use, and table 
of Chromalox Stud Heater 
sizes, ratings and prices. 


CHROMALOX 
Slectiie. Heat 
NOUSTHIAL COMMERCIAL MESIDENTI AL 


EDWIN L.WIEGAND COMPANY 
7758 THOMAS BLVD... PITTSBURGH 6. PA 
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TEER 
=, 
| 
SOS 
TN 
FIRING PRICE PRICE 
MODEL CHAMBER (300° te (400° te 
no. (4.W.D.) 2000") 2300") 
si0s.00 
Pols x18" $480 00 $528 00 
P4ai4 14°x14° 00 
Pi24 12°12" «24 715.00 
Pais 775 00 
3. 
P.79 


TANKS Pickling, Plating, Anodizing, 
Storage. Sheet Linings, Coatings, Steel 
and Alloy Construction. 


VENTILATING EQUIPMENT 
Hoods, Fans, Ducts, Stacks, Scrubbers 

for Collecting and Removing Corrosive 
Fumes. Solid Plastic Lined Steel. 


ACID HEATING = Nocordal (im- 
pervious Graphite), Lead and Alloy 
Heat Exchange Units. Immersion and 
External Types 


STEAM JET AGITATORS 

For Heating and Agitating Acid Solu- 
tions. Special Lead Alloy and Solid 
Impervious Graphite. 


Also Baskets—Crates—Hairpin Hooks 
Write for fully descriptive Bulletins 


CORPORATION 


1290} ELMWOOD AVENUE @ CLEVELAND 11, OHIO 
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“RY PITTSBURGH INDUCTION 
ATING FURRACE installation is 


Pre-testing of Unit 
One-Year Warranty 
Maximum Safety 
Labor and Space Savings 
Greater Margin of Profit 
Consult a PIH Engineer for complete information on a wide range 
> of applications for optimum heating of all metals for numerous metal 
working operations such as forging, rolling, annealing, extrusion, 
and others. 
Write for detailed brochure with frequency chart 


PITTSBURGH INDUCTION HEATING 
COMPANY INCORPORATED 


<= 615 Washington Road, Pittsburgh 28, Pa. 


HEAVY-DUTY 
CONSTRUCTION 


Phone LO. 3-6020 


IMMERSION 
HEATER 
ger 
Your Every 
Heating Requirement 
INSTANT HEATING 
© SHOCK-PROOF 


© AVAILABLE IN ALL VOLTAGES 
—WATTAGES, 
ONE AND THREE PHASE 


Available from your 
Electroplating Distributor 


WRITE FOR BULLETIN 


Gle-QUARTZ" 


ELECTRIC HEATER CO., INC., Willoughby, Ohio 
U.S. Pat OFF Phone Willoughby 2-552! 


COMING IN 
JANUARY 


TO MEET THE NEEDS 
OF METALS ENGINEERS 
AROUND THE WORLD 


THE “INTERNATIONAL” 
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AN ENGINEERING FIRST IN BASKET FABRICATION 


HEAT TREAT 


bi: xCO BASKETS 


These Job-Tested and Proved Designs Incorporate: 
@ SPECIAL LOOPED WIRE @ NON-WELDED SUPPORT RODS 


@ NON-WELDED FRAMING @ FLOATING INNER FRAMES 


First and Only Baskets with All These Features 


WRITE for NEW 1959 CATALOG 
with BIX COMPANY'S COMPLETE 
LINE of BASKETS and FIXTURES 


COMPANY Fairgrounds Rd., Wellington, 


pending 


Breathe" 


Ohio 
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ATMOSPHERE GENERATORS 
250 to 15,000 CFH Exo and Endo 


BOX TYPE 
Lindberg 
American 
Surface 
Surface 


PIT TYPE 
GE. 
Lindberg 90KW 
48x96 Surface Gas 1250°F 
48x96 Lee Wilson Rad. Tube 1850°F 


CCNVEYOR TYPE RECIRCULATING 
72x40'130 Surface RirHirth Gas 1250°F 
27x15'x12 R&S MshBit Gas 1250°F 


24x36x18 
488424 
24x36x14 
54x96x24 


50KW 
100oKW 
Gas 
Gas 


2000° F 
1850°F 
1850°F 
1850°F 


20x22 
48x60 


1200°F 
1250°F 


19256 John R. St. 


SURPLUS FURNACES FOR SALE 


BOX TYPE RECIRCULATING 
6'x12'x42” Lindberg Gas 
66"116'x76" Lindberg 18OKW 
60”x10'x42” Lindberg 
42"x16'x30" Lindberg 120KW 

BOX & CONVEYOR OVENS 
6'x30'x18” Mich Oven Conv |50KW 
6'x30'x18” Mich Oven Conv |50KW 
5’x16'x12” Mich Oven Conv 
Rockwell Box 
7'x7'x7’ Young Bros Box Gas 
19%x19%19" Despatch Box 

BRAZING TYPE 
Lindberg Pshr 
Westinghouse Pshr 
GE RirHrth 


18°x42"x10" 
62"x18'x24" 


60KW 
5OKW 
655KW 


SEND FOR COMPLETE LIST 


THE JOE MARTIN CO., INC. 


TWinbrook 2-5500 


Detroit 3, Mich. 


1250°F 
1250°F 
1250°F 
1250°F 


550°F 
400° F 
800°F 
550°F 
650°F 
850°F 


2500°F 
2050°F 
1650°F 


SiR PLUS FURNACES 


REWARD 


WE PAY CASH FOR SURPLUS INDUSTRIAL FURNACES 
AND RELATED APPARATUS 


FOR COMPLETE 
INFORMATION 
ON OUR SERVICES 
— WRITE OR CALL 


THE 
ael (ile 


PACIFIC FURNACES ARE ENGINEERED 
FROM THE INSIDE OUT 


Pictured is a Pacific Air Draw Furnace 
currently drawing and tempering 3000 Ib. 
of pearlitic malleable iron castings per hour 
at a leading foundry. This Pacific engineered 
furnace features hydraulic pushers, three- 
zone automatic cycling, and automatic un- 
loading at the completion of the operation. 
It operates at 1400° F. 


Pacific 


SER‘ 


ENGINEERS.... BUILDS.... 
VICES all types of industrial heating 
equipment. 


l@. INDUSTRIAL 
URNACE C O. 


24680 Telegraph Road, Detroit 41, Michigan 


Phone: Kenwood 7-4250 


don't 
hide it 
under a BUSHEL... 


. if you have an idea in which you figure 
an aluminum extrusion will best solve a manu- 
facturing problem involving a functional metal 
parts application. G.E.1.'s highly skilled engi- 
neering staff is eager and ready to discuss 
your idea with you, at no obligation, on one 
part or a million, to determine if your theory 
can be put to practical use. G.E.1.’s engineers 
specialize in adapting extruded aluminum to 
new functional roles helping customers make 
extruded aluminum save time and money. G.E.1. 
is equipped to handle all aluminum processing 
services, including extruding, fabrication, ano- 
dizing, machining, etc. 


GENERAL EXTRUSIONS, INC. 
4040 Lake Park STerling 8.9681 
YOUNGSTOWN, OHIO 
Missour: S Minors Representative 
Frank May Co., 4378 Lindell Bivd., St. Lowis 8, Mo 
Michigan Representative 
Howard 6 jones, 15842 Kentfield Ave, Detroit 23, Mich 
Southern Representative 
Jack Widman, 1382 Poplar Ave, Memphis, Tenn. 

W. C. Jones Distributing Co., 4450 Kuyler Ra. 
Cincinnati, (Rossmoyne) Ohio 
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AMMONIA 
DISSOCIATORS 


1500-33PS-21 and 


plus transformers and contactor. 


Also other used units such as: 
* Nitriding, Tempering 

* Rotary Carburizing Units 
* Salt Bath Units 

* plus other items 


4040 Moyfield Rd. 
Phone, EVergreen 1-3440 


Drever 3000 CFH Units 


60 KW, 3-phase, each with Brown 
105-C4PS-13, 


Weight, 3000 Ib. Operating tem- 
perature, 1750° F. Practically new. 


The W. H. Kay Co. 


Cleveland 21, Ohio 
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The features listed below ore but a 

few of the in-built advantages of the 
LUCIFER 2055 SERIES. 

* Eliminates atmospheric problems 
(oxidation, scaling and 

decarburization) 

* Rapid constont heat 

* Choice of 10 models 

* Heot ranges to 1,700" F. 

* All controls included 

(automatic indicating controller, 

selector switch with two thermocouples) 
* Quick easy installation 

* Low initial cost . . . low upkeep 

* Top production performance 

with unskilled labor 

* Minimum replacement down-time 
Lucifer Furnaces, Inc., manufoctures 
mony standard electric heat 
treating furnaces and maintains 
a design department to create 
special units. For engineering 
assistance, parts or product 
information write or call. . . 


LUCIFER FURNACES, INC. 
Neshaminy 7, Pennsylvania 
Diamond 3-0411 


FURNACES 
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SPECIAL SERVICE ON HIGH SPEED STE 


FAST NATION-WIDE SERVICE 
YOUR STEEL OR OURS 


Complete Source For Forged Products Up To 4000+ 


Rings, discs, spindles, bars or special shapes to your 


specifications. 

28 Years Of Specialized Experience 
In production of high speed tool and alloy steel 
flat die forgings. 


Ample Stocks Of Steel Always On Hand 


METALS 


(1209 MARQUETTE ROAD HENDERSON 11-0320. CLEVELAND, OHIO 
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BRIGHT GOLD WRITE FOR | 
Mirror-bright finish in any thickness G RA iT 
directly from the bath. Patented 

INFORMATION 

PUR-A-SALTS 


osition i An s 
Restores contaminated cyanide plat- Exp n Los gele ' 
ing baths to full, trouble-free ’ 


operation. Patented _ California, March 16-20. 


Plan now to attend the Ith 


SILVREX BRIGHT SILVER 


Crystal-clear solution that produces 
mirror-bright deposits. Patented 


Look ahead . . . you'll want 


; articipate in is requiar 
and easiest CUSTOM MACHINED PARTS FOR g 
SEMICONDUCTOR PROCESSING 
Your custom requirements are ovoilable Metal Show that has the 
BRIGHT RHODIUM matchlessly machined . . . high purity 


graphite for all phases of semiconductor 

Brilliant, fine-grained non-tarnishing processing: reduction and refining boots— metal industry s stamp of 
deposits. crystal-pulling heaters and devices—fusion 

jigs and components. 


RHODEX PRODUCTS FOR SPECIAL approval ece always success- 
METALLURGICAL APPLICATIONS 
Only rhodium electroplating process 


that yields extra heavy compressively ful for the exhibitor! Plan to 


blocks and tubing available. Also, your 
stressed deposits. Patent Pending custom requirements of specially machined 
articles can be promptly produced. 


ACID GOLD PLATING PROCESS SHAPES FOR 
VACUUM FUSION ANALYSIS 
Developed specifically for plating 
Matched crucible and funnel combinations 
printed circuits. Mildly acid so that and .. . avaliable 
neither the laminate nor the adhesive from stock for immediate shipment 


at the inter-face of printed circuit | d nas 
or an escriptive 
ane Gutag the SPECTROGRAPHIC ELECTRODES Floor plans and p 


pe Recognized os the standard of the world, 
ing process. United's rods, powders and wide range ° . 

of preformed electrodes ore ovoilable literature can be obtained 
in the right sizes and designs for your 
Complete installation and servicing spectrographic work. 


on all precious metals processes. by writing to ASM Head- 
SEL-REX 


CORPORATION L TE quarters in Cleveland. 


Dept. BB, Nutley 10, New Jersey CARBON DUCT 
Offices: Detroit, Chicago, Los Angeles aaa, ; 7301 Euclid Avenue. 


take part . . . don't wait! 
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Need Help Designing That Aluminum Extrusion? 


TEAM UP 
with JARL 


THERE'S A 
‘ WORLD OF 
J DIFFERENCE 


| 


The difference starts the moment you meet 
the Jarl salesman. He's an engineer 

well qualihed to make on-the-spot rec 
ommendations in designs. Team up with 
Jarl and you ll get the cight shapes mack 
to most design specications 


You ll be sure of close dive control 


quality safeguards every step on-time 


deliverses. Send for our stock die catalog 


or send rough shetches for assistance with 


your design 
ANODIZING 

JARL EXTRUSIONS, INC. 

Fast Rochester. N. Y 


vA 


Dept. MP. Linden Ave 


GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 
Hamilton, Ontario 


In Canada 


4 ON INI PON PA 


ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 


PRODUCTION OF SMALL PARTS 


Beryllium Copper 


Bronzes 
Other Non-ferrous Alloys 


Rounded or square edges. 
Available with hot-tinned 
finish for solderability 


UTTLE FALLS, ALLOYS 


193 Caldwell Ave., Paterson 1, N. J. 
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Cers; 
®hodiun, c 
grams 
' 
70 m 
PROVin Ic, INC 


an improvement 
by TECHNIC 
Technic developed this superior 
Rhodium concentrate to meet 


today’s electroplating specifi- 
cations with — 


Lower Stress 
*K Higher Purity 
*K Finer Grain 


Testing is easy because of high 
compatibility with existing Rhod- 
ium baths. Ask for complete data 
on characteristics and applications. 
When you adopt Technic solu- 
tions or methods, our technical 
staff is yours until optimum per- 
formance is assured. Write or 
phone today. 


TECHNIC, INC. 


TECH MIC 


39 Snow Street 
Providence, R. I. 
JAckson 1-4200 

Chicago Office 


7001 North Clark St. 
355-8 


THE LARGEST ENTERPRISE OF ITS HIND IN THE WORLD 


LIST NO. 190 ON INFO-COUPON PAGE 17 


Whitelighe 
MAGNESIUM 


dia. to6',” dia. 


R 
sad BARS, STRIPS 022" min. to 7°,” max 


comprehensive SOLID SHAPES 022” min. to 
independent cwrcle 

mill source TUBING |,” 0.0. te 6" 0.0. 

of magnesum HOLLOW SHAPES circle 
alley PLATE & SHEET 092" to 3” thick 


ALLOYS 


ava’ HITE METAL 
ROLLING « STAMPING corp. 


82 Moultrie Street, Brooklyn 22, N.Y. 
Factories: Brooklyn, N.Y. Worsaw, Ind. 
JPON PAGE 171 
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meTAL SAVED 
AND IMPROVED | 
QuauTy 


PROBLEM: 


Sicllo Products Company 


Logansport, In- 


diana. manufacturer of tags, license and 


booster” plates, had the problem of ex 
cessive direct labor charges. In the previous 
expensive method of making these items, 
plates had to be stamped from bare metal 
individually —and 
This method 
did not give the uniform quality de 
and Stello turned to Roll Coater 


and then cleaned 


spray painted on both sides 


for a solution 


SOLUTION: 


Roll coated metal was tested by Stello 
Products Company Pre painte d and baked 
on both sides, this metal climinated en 
trely the cleaning and spray painting op 
cations —withstood rigorous stamping 
testis—and relieved painting facilities for 
other jobs. Says J. C. Cotner, president of 
Stcllo Products Company, “Roll Coater 
metal is now saving us approximate ly “0% 
in direct labor costs—and is giving us the 
desired uniform quality in our plate pro- 


duction, It really solves our problem.” 


SEND FOR FREE BROCHURE and 
SAMPLE TODAY! 


RHop 
UM | 
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the GRIES 
MICRO-REFLEX 


HARDNESS TESTER 


Loads: 10 to 3000 gram 
with CARL ZEISS Optical System 


Measurement: to 0.000! 


mm... . Observations on 
Ground Glass . . . Projec- 
tion: to 0.001 mm... . = 


Many Unique, Very tm- 


portant Features. 
INVESTIGATE! 


Write for Bulletin 
No. A-16 


GRIES INDUSTRIES, INC. 
Testing Machinés Division 
NEW ROCHELLE 3.N Y, 


LIST NO. 135 ON INFO-COUPON PAGE 17! 


METAL PARTS 
CLEANING“) 
PROBLEMS 


Get the answers RIGHT. 
from RAMCO’S 
new BULLETIN! 


Send for your copy of 
the Ramco Bulletin. 
See how Ramco 2- and 
3-dip degreasers can 
solve your metal 
parts cleaning prob- 
lems, economically, 
efficiently, safely! 
Write today! 


AMCO EQUIPMENT CORP. 


DIV. OF RANDALL MFG. CO., INC. 


| 


| 809 Edgewater Rd., New York 39, N.Y. | 


LIST NO. 128 ON INFO-COUPON PAGE 17! __ 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 


maximum 
STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock 


Only finish oper- 
otions required 
are reaming small 
dia. of counter- 
bored hole and 


drilling and tap- 
ping for set screw. 


ENGINEERED 
PRECISION CASTING 


LIST NO. 4 ON INFO-COUPON PAGE 17! 


ORDER YOUR COPIES 
OF THE FIRST AND 
SECOND SUPPLEMENTS 
TO THE ASM 

METALS HANDBOOK 
TODAY! 


Metals and Applications 
Design and Application 
Processing and Fabrication 


Testing and Inspection 


The supplements make a 
worthy addition to your 
technical library and contain 
practical, authoritative in- 
formation. Easy to use, these 
volumes put all metal facts 
at your finger tips. 


1954 Supplement—$5.00. 
ASM Members—$4.00 


1955 Supplement—$6.00. 
ASM Members—$4.00 


Order direct from ASM Headquarters 
in Cleveland. 7301 Euclid Avenue. 


hog 


To Whitey says: “It takes a genius to count 
jhe LINEAL e LATE the cost beforehand—especially if he's only 
NCHES OF Ding half familiar with his tools (but then he’s 

Rop no genius) You can’t guarantee a rod 

—_ are 

Ss ara, to weld any predetermined length of stain 

- k, Bis less without knowing the operator’s tech- 

d2 Ser, (4) nique, the type of joint, the fit-—but, by 

knowing the make and quality of the rod 

adxz you can be a bit psychic in your estimate.” 

aa Place a trusted guarantee back of your 
ace ¢ ste rug *k of yo 

f welding operations. 


Stainless and Heat Resistant Are Welding 
. coated, 
. coiled and spooled, 


Electrodes of all analyses 
straightened ...cut.. 


1830 Miles A i 
Phone: MOntrose 2-6100 ‘ 
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‘ ASK WHITEY ABOUT WELDING STAINLESS 


WRITE, WIRE or PHONE. 
FOR YOUR CATALOG 


¢ Sran srainxess scacw co. 
4647 Union Bivd., Paterson2,N. J. 
Telephone: Clifford 6-2300 
mee Direct N.Y. ‘phone Wisconsin 7-904) 
Direct Phila. ‘phone WAinut 5-3660 


LIST NO. 99 ON INFO-COUPON BELOW 


FORMED 


Reduce your assembly problems and costs. 
Our shapes continuously formed, with high 
degree of accuracy, from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


376! OAKWOOD AVE. + YOUNGSTOWN, 


ON INFC OUPON BELOW 


IN 
AQUEOUS SYSTEMS 


Eliminates RUST 
& 
Fire Hazards 
Non-Flammable 
Non-Toxic 


Send for Brochure: 
The ABC of Rust-Lick 
for Rust Prevention 


ODUCTION SPECIALTIES, INC. 


\ 755 BOYLSTON STREET 
BOSTON 16, MASS 


LIST NO. 105 ON INFO-COUPON TO RIGHT 
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FOR LIFETIME 
ACCURACY... 


A MOREHOUSE 
PROVING RING 


In industry's showceose, occurecy 
meons top quality ... eccurecy in 
both equipment and product. 

Accurate force measuring ond 
i t brings a top price 
in the industriol market ond you who 
use this equipment poy the price will- 
ingly, becouse you heave built your 
business on occuracy. 

; ; H precision lood cells, weighing scoles, 

This technical newsletter = dynamometers, testing mochines rr 
filled with case history reports ail your force ¢ 
of successful uses of MOLY- Fax is eceunete today os it was 

TE ¢ » 5 when you first ught it 
KOTE® | ubricants = cold Why toke expensive chonces? Buy 
forming operations. A_ chart yourself the best insurance ovoilable 
shows the metal being formed MOREHOUSE PROVING RINGS. 
and the type of MOLYKOTE certified by the Notional Bureau of 

used together with the proper os 
method of application. 

Send for this MOLYKOTE 
NEWSLETTER today. (Refer 
to Bulletin 304). NEW “A-B-C’ BOOKLET 
AVAILABLE 
The most practical hand- 
book on force measuring 
system accuracy available 
todoy is yours for the ask- 
ing. Write for it right away 


MOREHOUSE MACHINE CO. 


233 W. Market Street © York, Pa. 


READERS’ INFO-COUPON SERVICE, METAL PROGRESS 
7301 Euclid Avenue, Cleveland 3, Ohio 


Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | have listed below— 


(Please check) 


Send Catalog Necrest 
or Engineer- i Source of 
ing Data Supply 
(Bulletin Board Item Number) 
LJ 


LUBRICATION 
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COLD FORMING | 4 
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NEW BOOKS FROM ASM FOR REFERENCE AND STUDY 


THE ANNEALING OF LOW CARBON STEEL 


This volume contains the outstanding papers pre- 
sented at the first international symposium on the 
annealing of low carbon steel held at Case Institute 
of Technology in Cleveland, 1957. Eleven chapters 
contain authoritative insight to recent develop- 
ments in this subject from Russia, Germany, 
England, Wales, Canada and the United States. 
The book is published by the Lee Wilson Engineering 
Company, Inc., and edited by Case Institute of 
Technology. 138 pages, 82 x 11, illustrated, blue 
cloth cover, $7.50. 


MAN, METALS AND MODERN MAGIC 


This is the story of what metals did to man. It 
reveals to a sputnik-conscious public the romantic 
and enchanting discoveries that ushered in today’s 
era of exciting living through better metals. The 
conversational, sometimes humorous, but always 
factual format whisks away the reader to 6000 
B.C. and then, as if on a metal magic carpet, 
propels him through the centuries until today’s 
metallurgical “stumpers” are surveyed. This is a 
book you will enjoy reading, a book that will 
entertain and inform you. 235 pages, 5'2 x 7%, 
illustrated, red cloth cover, by Dr. J. Gordon Parr, 
$2.95. 


THREE NEW BOOKS FROM THE 1958 
SOUTHWEST METAL CONGRESS 


As a result of the widespread interest and attend- 
ance at the programs presented at the first South- 
west Metal Congress, the engineering papers of- 
fered have been assembled in book form. Divided 
into three authoritative books, these papers bring 
an outstanding value at a very economical price. 
They are available individually or additional sav- 
ings can be made by purchasing all three. Titles 
are: High Strength Steels for Aircraft (8 papers, 
82 x 11, illustrated, paper bound, 82 pages, 
$2.95), Sheet Materials for High Temperature 
Service (6 papers, 82 x 11, illustrated, paper 
bound, 74 pages, $2.95), New Fabrication Tech- 
niques (8 papers, 8'2 x 11, illustrated, 74 pages, 
paper bound, $2.95). All three: $8.00. 


ORDER YOUR 


METALS FOR SUPERSONIC 
AIRCRAFT AND MISSILES 


This important new book is the most complete 
collection of scientific and engineering information 
of what happens to metals in air vehicles and 
missiles during high-speed flight. The volume is 
based on the 1957 Albuquerque Conference on 
Heat Tolerant Metals for Aerodynamic Applications 
sponsored by the American Society for Metals 
and the University of New Mexico. It is a book for 
designers, metallurgists, and specialists in aero- 
dynamics, ceramics and cermets, electronics, heat 
flow, high temperature properties, lubrication, ma- 
terial procurement, mechanical structures, thermo- 
dynamics, protective metallic coatings and vibra- 
tions. 432 pages, 6 x 9, illustrated, red cloth cover, 
$7.50. 


THE METAL MOLYBDENUM 

Authoritative information on this exciting metal 
is contained in ASM’s new book edited from 
papers presented in a recent symposium sponsored 
by the Office of Naval Research and the American 
Society for Metals on the technology of molyb- 
denum and its alloys. The most comprehensive 
publication on the subject, its topics cover the 
potential of molybdenum, its properties, powder 
metallurgy, melting, working, fabrication, joining, 
coating and protection against oxidation. 696 
pages, 6 x 9, illustrated, red cloth cover, $12.50. 


CREEP AND RECOVERY 


This book deals authoritatively with an interesting 
and fascinating aspect of metals—changes in dimen- 
sion under stress and removal of residual stress. 
Metallurgists, Engineers, Designers, solid state Physi- 
cists, and Chemists will find this assembly of the 
most recent experiments and thoughts on recovery 
and cr-ep to be invaluable. These masterful papers, 
extremely well-supplemented with graphs, tables, 
charts, and photomicrographs, speak with author- 
ity in fourteen different areas of the subject 
matter. 372 pages, 6 x 9, illustrated, red cloth 
cover, $7.50. 


COPIES TODAY 


American Society for Metals copy(s) of Metals for Supersonic Aircraft and Missiles 
Technical and Engineering Books, Dept. PB $7.50 ea 


7301 Euclid Avenue ——copy(s) of The Metal Molybdenum @ $12.50 ea. 
Cleveland 3, Ohio 


—_.copy(s) of Creep and Recovery @ $7.50 ea. 
PLEASE SEND: 


—.copy(s) of Annealing of Low Carbon Steel @ $7.50 ea. 
copy(s) of Man, Metals and Modern Magic @ $2.95 ea. Name 
—__.copy(s) of High Strength Steels for Aircraft @ $2.95 ea. 


—__copy(s) of Sheet Moterials for High Temperature Service @ Steet 
$2.95 ea. 


copy(s) of New Fabrication Techniques @ $2.95 ea. 
set(s) of the Southwest Metal Show Books (3) at $8.00 per set. Company 


City 
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iF 
PRINTED 
CIRCUITS 
ARE ON 


YOUR MIND... 


Here’s how to plate them faster, better and 
at lower cost...with Ba A Fluoborates/ 


First, copper plating: Use B&A cop- 
per fluoborate solution for high- 
speed copper plating of thick, high 
quality circuits . . . makes possible 
the deposition of copper at higher 
rates than any other copper bath! 


Next, lead-tin plating: For maxi- 
mum solderability use B&A lead-tin 
fluoborate (60:40 tin-lead deposit) . 
Facilitates dip soldering. 


Many other advantages include: 
Concentrated solution form. Ease of 
bath make-up. Ease of control. Ease 


of maintenance, since anode and 
cathode efficiencies approximate 
100%. Good anode corrosion. Ex- 
cellent bath stability. 


Add them up! By using B&A fluo- 
borates you can plate printed cir- 
cuits faster . . . with better solder- 
ability . . . more easily . . . and at 
lower cost! 


Mail coupon now for further infor- 
mation on the techniques and ad- 
vantages of plating printed circuits 
from the B&A fluoborate bath. 


7 


Baker & Adamson® Products 
GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL CORPORATION 
40 Rector Street, New York 6, N.Y. 


Please send technical bulletins on 
use of B&A Fluoborates in plating 
printed circuits. 


Name 


Title 


Company 


Address 


City 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. State 
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Digests Convention Papers 


Casting Aluminum 
Ingots Under Water 


Digest of “Subaquatic Cast- 
ing of Aluminum Ingots”, by 
Ichiji Obinata and Hiroshi 
Tanaka, @ Preprint, No. 67, 
1958. 


A THE TITLE indicates, this paper 

discusses the rather unusual 
technique of casting underwater. 
The process may be summarized as 
follows: Thin metal molds approxi- 
mately 44 12 in. high are 
placed in a large water tank and the 
molten aluminum poured through 
the water into the mold. The re- 
sulting ingots, which weigh approxi- 
mately 19 Ib., have a good surface 
finish and a completely equiaxed 
structure. The mechanical proper- 
ties of these sound ingots compare 
favorably with the properties of nor- 
mal chill cast ingots. 

Experiments were also carried out 
on underwater continuous casting. 
The authors stress the fact that, by 
using proper casting conditions, a 


pping 
Hole 

Tank 
conser 
Toble__ — — 


fine-grained equiaxed structure is 
produced in ingots 5 in. in diameter, 
20 in. high, and weigh 44 Ib. 

The preliminary experiments and 
most of the chemical and mechanical 
tests were carried out on ingots cast 
into cylindrical molds 1.8 in. in dia- 
meter and 7.8 in. high. Tests were 
made for specific gravity, electrical 
resistance, hydrogen content, Al.O, ) 
content, chemical uniformity and 
mechanical properties including ten- 
sile strength, percent elongation and 
hardness. The results given in table 
form show that no appreciable dif- 
ference exists between conventional 
chill cast ingots and those produced 
by the new subaquatic casting 
(SAC) process. The exception to 
the above statement is that in the 
alloys used no inverse segregation 
was observed in the conventional 
chill castings. This is as expected, 
since the SAC castings were equi- 
axed in structure while the chill 


Fig. 1 — Subaquatic Cast- 
ing Process. Left-hand 


drawing represents batch 
operation, and one on right 
continuous casting process 


Molten Pool 


Fig. 2 — Macrostructures of the 
Longitudinal Section of 1100 
Aluminum Ingots Cast by Batch 
Process (Above) and Cast Contin- 
uously (Below). Aqua Regia. ~ % 


castings were columnar. No results 
are given for a casting with an equi- 
axed structure prepared by a con- 
ventional casting technique. 

Two possible cases of explosions 
when using the SAC process are 
given. The first of these is the sud- 
den evaporation of water, and the 
second is the generation of hydro- 
gen from the reaction 3H,O + 
2 Al= Al.O, + 3H.t. A water bath 
300 times as large as the quantity of 
aluminum finally to be poured is rec- 
ommended for safe practice as well 
as a large well-ventilated room. 

In the authors’ words, this process 
is “a method of making ingots by 
casting molted aluminum and _ its 
alloys in thin-walled metal molds set 
in hot water”. 

W. C. Winecarp 
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Air-gas Ratio Valve 


For precise control of furnace atmospheres .. . 


Come Kemp 


Twin installation of Model 6-MR 
Atmos Gas Generators deliver up to 
6,000 cfh at Thomas Strip division 
of Pittsburgh Steel. Increased equip- 
ment capacity, reduced labor costs, 
and closer control make Kemp units 
money savers in every installation. 


For heat treating and annealing metals in inert 
atmospheres, you can rely on Kemp Atmos or 
Nitrogen Generators as a dependable source 
of inert gasses. Kemp generators are built 
around the patented Kemp Industrial Carbu- 
retor, which guarantees a steady supply of 
exact analysis inerts, regardless of demands on 
the line. With Kemp units supplying your 
furnaces, you get greater control . . . a better 
product at lower cost. 

The Kemp Atmos Generator, a rich 
exothermic gas producer, is suitable for most 
furnace applications; while for more critical 
uses the Kemp Nitrogen Producer is recom- 


mended. Both are noted for durability and 
dependability. Rugged Kemp design gives 
optimum performance for years, with only 
minimum maintenance and care. 

Kemp generators may be engineered as an 
integral part of new furnace construction, 
adapted to existing units, or furnished as a 
separate setup. 


Your Kemp Representative, listed 
in the Chemical Engineering Cata- 
log, will give youcomplete details. Or 
write direct for Bulletins I-100 and 
I-101. The C. M. Kemp Mfg. Co., 
405 E. Oliver St., Baltimore 2, Md. 


ai 
apt 
Kemp Convection Kemp Immersion ‘ Kemp Industria! Kemp Oried 


CABINET 


_ Elecématic 
UT 


A flexure test on a glass bar is being made with a Split Cabinet 
60,000 Ib. ElecSmatic U.T.M. at Corning Glass Works, 


Now you can enjoy all of the testing convenience and accuracy 
of the Olsen ElecSmatic, plus the advantages of split cabinet de- 
sign—including no shock transfer . . . maximum floor space utiliza- 
tion . . . ability to locate loading and indicating units in separate 


creas for remote control testing of explosive or radioactive mate- 
rials, etc. The only connection between the two cabinets is electrical 
wiring. 


In addition, only the Olsen ElecSmatic gives you a minimum of 
100:1 ratio of test ranges . . . four range capacities . . . positive 
testing speeds under load as well as no load . . . plus the avail- 
ability of Olsen Electronic Recorders and the widest selection of 


strain instrumentation available. The low inertia of the Olsen 


weighing system coupled with fast-acting servos enable the indi- 
cating system to follow and indicate the load accurately regardless 
of the testing speed. Response time for both stress and strain is 
only 4 seconds for full scale range. 


Get the facts about Olsen Elecmatic testing machines 
—now available in split cabinet or single cabinet de- 
sign. Write today for Bulletin 54. 


Trademark 
Reg. U.S. Pat. OF. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 


2030 EASTON ROAD ° WILLOW GROVE, PA, 


Testing and Balancing Machines 


Preparing Uranium 
Powder Metal Compacts 


Digest of “Preparation of 
Uranium and Uranium Alloy 
Powder Metal Compacts”, by 
Herbert S. Kalish, @ Preprint 
No. 638, 1958. 


owvers suitable for compacting 


into high-density parts can be pro- 
duced from calcium-reduced 
nium as well as by decomposition 
of the hydride. The effect of proc- 
essing conditions (for example, 
temperature and pressure of com- 
pacting ) and subsequent treatment 
on the density and structure of the 
final product is examined. In order 
to achieve full density of cold 
pressed powder, very high-tempera- 
ture sintering is required. Hot press- 
ing in an inert atmosphere above 
600° C. (1110° F.) will yield mate- 
rial of theoretical density. 

A number of lubricants were tried 
for cold pressing. Camphor, which 
is highly volatile, produces satisfac- 
tory lubrication with little effect on 
the properties of the sintered bar. 

The product of hot pressing is 
fine grained and has little preferred 
orientation. The high-temperature 
sinter required on cold pressed pow- 
ders produces a coarse-grained struc- 
ture which cannot be refined even 
by cold work and recrystallization. 

Alloys can be produced but they 
must be homogenized by annealing 
at 900°C. (1650° F.) or higher. 
Some alloying elements inhibit grain 
growth during the homogenization 
treatment and give a higher density 
product. Columbium and molyb- 
denum are especially effective. 

R. W. Guarp 


Fig, 1 — Operation of 200-Ton Press 
Inside an Argon Dry Box. Opera- 
tor is loading powder into the die 


METAL PROGRESS 


‘i | Another Tinius Olsen First , 
| 
te 
- 
Er 
4 
176 
Tey 


Blanketing 
the high temperature field 


A fairly ambitious claim! Yet we can prove that HAYNEs alloys do 
exactly that... all the way up to 2000+ deg. F. Here’s why. 
There are 12 HayNes high-temperature alloys. Among them you 
will find the right combination of properties to handle any heat 
condition. For example, HASTELLOy alloy X has remarkable 
resistance to oxidation up to 2200 deg. F. HAYNeEs alloy No. 25 

is strong and resists stresses, oxidation, and carburization up to 
2000 deg. F. HasteLvoy alloy R-235 is outstanding in the 

1500 to 1750 deg. F. range. And this is only part of the story. 

All 12 Haynes alloys are production alloys and are readily 
available. Some of them are vacuum melted; some air melted. 
Some are cast, some wrought, and some are produced in 


both forms. For the full story, write for literature. 
Close control is exercised over every step in the 
production of Haynes alloys. This electric arc 


furnace is part of the modern mill set-up main- 
tained at HAYNES STELLITE. 


UNION 
HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation CARBIDE 


Kokomo, Indiana 


The terms “Haynes,” “Hastelloy,” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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STRAITS 


TIN 
REPORT 


~y 

New developments in 
the production, mar- 
keting and uses of tin 


* 


Five times cheaper than stainless 
steel. That's what the British dairy 
industry reports about seamless tinned 
steel milk cans. It finds that a heavy 
tin coating gives a good adherent fin- 
ish, provides excellent corrosion re- 
sistance, is completely nontoxic, and 
does not in any way affect the flavor 
or the nutritive value of the milk. 


* 


The increasingly important role of 
tin in this age of the jet and missile 
is again confirmed. A tin-zinc alloy is 
being used to plate jet aircraft hydrau- 
lic brake parts and thus prevent cor- 
rosion. The alloy is 75% tin and 


25% zinc. 


* 


Another new product is available in 
the popular aerosol cans. It is Freon, 
an odorless, colorless gas normally 
used as a refrigerating agent. The 
aerosol Freon bomb will double as 
your personal, portable tire pump and 
fire extinguisher. It can be used to 


inflate the average tire with 22 pounds 
of pressure in just 6 seconds. It kills 
fires by depriving the flames of oxy- 
gen and lowering the surrounding 
temperature. 


Ask us to send you TIN 
NEWS, a monthly letter. 
It will keep you posted on 
tin supply, prices, new 
uses and applications 


The Malayan Tin Bureau 
Dept. 25K, 1028 Connecticut Ave., Washington 6, D.C. 
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Fe-Cr-Ni-N System 


Digest of “Phase Relation- 
ships in the Fe-Cr-Ni-N Sys- 
tem”, by G. F. Tisinai and C. H. 
Samans, @ Preprint No. 71, 
1958. 


© ASCERTAIN the austenite-aus- 

tenite plus ferrite boundaries of 
the iron-chromium - nickel - nitrogen 
system in the 21] to 33% Cr range 
with 0.20 to-1.1% N and with 1 to 
20% Ni, a powder metallurgy tech- 
nique was used for 59 of 82 alloy 
compositions studied. Chromium 
nitride (Cr.N), chromium, nickel 
and iron powder were mixed for 
over 16 hr., compressed into pel- 
lets at greater than 80,000 psi., sin- 
tered in a vacuum at 2200° F. for 
24 hr., and water quenched. After 
metallographic examination, the pel- 
lets were heated in a vacuum at 
2000° F. for 20 hr., water quenched 
and re-examined metallographically. 
The remaining compositions were 
made in a high-frequency induc- 
tion furnace, forged to greater than 
90% reduction, and portions of the 
wrought alloys were held at 2300° 
F. for 2 hr., furnace cooled to 2200° 
F., held for 20 hr., water quenched 
and examined metallographically. 


1.25 


Phase relationships were studied 
at 2000° F. In pellets showing pro- 
nounced precipitation of nitrogen, 
the matrix tended to contain more 
ferrite than it did when quenched 


from 2200° F. When the nitride 
precipitation did not occur or was 
slight, the matrix tended to con- 
tain less ferrite than it did when 
quenched from 2200° F. 

For each composition there is an 
optimum austentizing (solution an- 
nealing) temperature at which the 
maximum amount of austenite will 
be produced. Heat treating above 
this temperature tends to precipitate 
nitrides, deplete the matrix in nitro 
gen and increase ferrite content. 

Considerable amounts of marten- 
site or ferrite may form depending 
upon the original composition and 
degree of nitride precipitation. The 
matrixes of the alloys always retain 
some austenite even after extensive 
precipitation of nitrides (and car- 
bides) since they do not becomes 
significantly depleted in nickel by 
the precipitation. This differs from 
similar alloys containing only carbon 
and nitrogen where the matrix de- 
composes completely to ferrite. 

In alloys containing nominally 33 
% Cr, sigma phase was found after 


30%, 
$075 
Cr 
= 0.50 24% 
0.25 


a+y 


2.3 5 7.5 


10 12.5 15 17.5 


Nickel, Weight % 


Figure | shows the austenite-aus- 
tenite plus ferrite boundaries within 
the compositional limits studied. 
These boundaries are virtually 
straight lines at 2200° F. and par- 
allel each other at various chromium 
levels. Thus, the nitrogen:nickel 
austenite substitution ratio is about 
0.025:1 and is independent of the 
chromium in the range studied. 


Fig. 1 — Austenite-Austenite Plus 
Ferrite Boundaries Within the 
Compositional Limits Studied 


nitride precipitation. Thus nitride 
(and carbide) precipitation in alloys 
containing less than 30% Cr reduced 
effective chromium content (in the 
matrix) so that sigma formation was 
slight if at all. 


WARREN I. PoLLock 
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Tough specifications? You bet. 

That’s why Maginniss Power Tool Com- 
pany, leading producer of concrete vibrators, 
brought its tubing problems to Ohio Seam- 
less. Our engineers recommended Ostuco 
NP-3 C1040 tubing for Hi-lectric Concrete 
Vibrator housings. 

Here’s what Maginniss says after using 
Ostuco NP-3 Tubing exclusively for 11 years, 
* . . only Ostuco NP-3 Tubing meets our 
requirements for abrasion resistance and easy 
machinability. Its fine grain structure cuts 


OSTUCO 
TUBING 


meets our requirements” 


clean every time. Furthermore, we have never 
had a thread failure in the field traceable to 
tubing quality.” 

Every product, including yours, has mate- 
rials or production process problems that 
are uniquely its own. If they involve tubing, 
Ohio Seamless has the answer. Just contact 
our nearest sales office, or the plant at Shelby, 
Ohio—Birthplace of the Seamless Steel Tube 
Industry in America. 


AA-7477 


SALES OFFICES: Birmingham Charlotte Chicago (Ock Pork) Cleveland 

Dayton + Denver + Detroit (Ferndale) +« Houston + Los Angeles (Lynwood) 

Moline « New York « North Konsas City « Philadelphic (Wynnewood) - Pittsburgh 

Richmond + Rochester + St. Lovis + St. Pow « St. Petersburg + Solt Loke City 
Seottie Tulsa Wichita 

CANADA: Roilway & Power Engr. Corp. Ud. 


EXPORT: Copperweld Steel international Company 
225 Broadway 
New York 7, New York 


OHIO SEAMLESS TUBE DIVISION 


of Copperweld Steel Company + SHELBY, OHIO 


Seamless and Electric Resistance Welded Stee/ Tubing + Fabricating and Forging 
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Lepel 
FREQUENCY 


SIMULTANEOUS 
HARDENING and BRAZING 


PREPLACED 


The machined and finished rod of air- 
hardening steel is simultaneously har- 
dened and brazed to a mild-steel tab. 
Use of a purified hydrogen atmosphere 
and a high temperature brazing alloy 
permits successful hardening of alloy 
steels without discoloration and scaling 
even in the absence of flux. 


INDUCTION. 


TYPICAL INDUCTION HEATING APPLICATIONS 


DIFFUSION BONDING OF 
SPRAYED METAL COATINGS 
STEEL TUBE COATED WITH 
HARD FACING ALLOY 
HEATING COM 
600000 


000000 
al | 


METAL SPRAY 
GUN 


Corrosion or wear resistant metal coat- 
ings sprayed on metal surfaces can be 
improved by heating to achieve alloying 
by diffusion. The drawing shows a typi- 
cal arrangement for processing steel 
tube sprayed with hard facing alloy. 
Long tubes may be progressively sprayed 
and heated. 


PUNCH 


HEATING COIL 
- FORMING 


HEATING HIGH STRENGTH 
ALLOYS FOR FORMING 


Uniform and rapid heating of 
high strength alloys (alloy steels, 
titanium, etc.) aids in upsetting 
ond forming operations and also 

idati ond em- 


brittlement. 


Electronic Tube Generators from | kw to 100 kw. ’ 
Gap Co 


LEPEL HIGH “FREQUENCY LABORATORIES, INC. 


55th. STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N Y 


Recrystallization, 
Structure, Hardness of 
Copper-Bearing Steels 


Digest of “Recrystallization, 
Structure, and Hardness of Low- 
Carbon Steels Containing up to 
1% Copper”, by R. L. Rickett 
and W. C. Leslie, @ Preprint 
No. 108, 1958. 


HE PRESENT shows that 

variations in the solid solubility 
of copper in low-carbon steels pro- 
duces a  copper-rich precipitate 
which markedly retards the rate of 
recrystallization on annealing after 
cold working and contributes, under 
favorable circumstances, to elon- 
gated grains which are desirable for 
deep drawing. Earlier work indi- 
cated that a precipitate of aluminum 
nitride produces similar effects in 
aluminum-killed low-carbon steels. 
Thus it appears that the control of 
recrystallization and grain structure 
of ferrite by precipitation of a sec- 
ond phase is a general phenomenon. 
Apparently it is necessary only to 
balance the rate of precipitation and 
the rate of recrystallization so that 
precipitation occurs simultaneously 
with, or slightly in advance of, r 
crystallization. Also, the precipita- 
tion should form preferentially in 
the boundaries of the prior cold 
worked grains. 

The materials under study com- 
prise laboratory induction-furnace 
and commercial openhearth steels, 
all rimmed, containing 0.03 to 0.08% 
C and 0.01, 0.27, 0.43, 0.61, 0.84 or 
1.14% Cu. 

To aid in interpretation of recrys- 
tallization data, information on solu- 
tion and precipitation ef copper in 
low-carbon steels was obtained by 
use of various tools including the 
electron microscope and X-ray dif- 
fraction. Because copper tends to 
segregate in austenite in the Ae, to 
Ae, temperature range, solution 
temperatures below (1300° F.) and 
above (1650°F.) this range were 
employed; if followed by air cooling, 
both give practically identical re- 
crystallization behaviour after cold 
reduction. On air cooling from 
above the Ae, temperature (nor- 
malizing from 1650°F. in this 
work), some precipitation takes 
place in steels containing as little as 
0.43% Cu. Additional precipitation 
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Grant Building 


MCA offers 


Molybdenum in all its forms 


Molybdenum is widely accepted in the 
iron and steel industry, because it imparts 
improvements in physical properties at 
costs that may be economically justified. 
Such properties are effective both in econ- 
omy of production and user benefits. In 
high speed steels, automotive steels, in 
aircraft and missile steels, molybdenum 
by MCA performs to meet designer’s 
requirements. 

This expanding use of molybdenum 
has resulted in demand for various 
forms——chemicals, metal powder, metallic 


CORPORATION OF AMERICA 


Offices Pittsburgh, Chicago, Los Angeles, New York, Son Francisco 
Soles Representatives Brumley Donaldson Co., Los Angeles, Son Francisco 


Subsdiory. Cleveland. Tungsten, inc., Cleveland 
Plants: Washington, Pa., York, Po 


OCTOBER 1955 


molybdenum and molybdenum oxide. 
MCA offers molybdenum in all com- 
mercial forms for easy and practical ap- 
plication in the mill. In addition, MCA’s 
technical knowledge is unsurpassed and is 
available to the iron and steel maker upon 
request, free of charge. 

When you have a metallurgy problem 
that molybdenum might solve, think first 
of MCA. When you need molybdenum 
in any form or quantity, MCA has it 
available for your use in iron and steel 
improvement. 


Pittsburgh 19, Pa. 
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UGHTNIN MIXER helps prepare 
acid waste for trip to sewer. 


Get better use of water 


when rinsin g acid-dipped parts 


Here’s a way to use /ess water for 
acid-rinse operations—and neutral- 
ize waste rinse effectively. 

In this rinsing operation, which 
follows an acid bright dip, make-up 
water is added only when the bath be- 
comes too acid—not continuously. 


How it works.Rinse-water electrolyt- 
ic conductivity is detected by a dip- 
type electrode and controlled by in- 
struments on the feed-water line. 
A LIGHTNIN Portable Mixer cir- 
culates the rinse, providing wiping 
action on the parts and keeping the 
bath the electrode can 
sense conductivity accurately. 


Rinse water disposal. Before dis- 
charge to sewer, rinse water is con- 
tinuously neutralized with caustic 
soda in a 6’ x 3’ x 2’ retention tank. 
This tank is also equipped with a 
LIGHTNIN Mixer but the electrode 
here is for pH. Instruments control 
flow of caustic into the bath, pro- 
ducing a uniform waste effluent at 
legal concentration. 

Mixing action keeps salts and 
sludge uniformly suspended so the 
electrode gets a chemically accurate 


“taste” of the changing pH. 

(Instruments are made by Leeds 
& Northrup Co., and those shown 
here are in use at L&N’s North 
Wales, Pa., plant.) 


Mix any fluids 
rapidly. This is one 
of several ways you 
can make metal- 
working and clean- 
ing more produc- 
tive with LIGHTNIN 
Mixers. Use them 
in quench tanks 
to get more uni- 
form hardness, 
greater hardness 
depth, fewer soft 
spots. Speed up 
solvent-dip clean- 
ing of parts with 
chemicals rapidly, thoroughly. Re- 
sults are guaranteed. 

For information on LIGHTNINs 
that will give you the mixing action 
you want, call your LIGHTNIN 
Mixer representative (listed in 
Thomas’ Register) or write us direct. 


Mixers. 


MIXCO fluid mixing specialists 


MIXING EQUIPMENT Co., Inc., 171-k Mt. Read Bivd., Rochester 3, N.Y. 
In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Avenue, Toronto 19, Ont. 


Copper in Steel .. . 


of copper occurs in these steels when 
held at 1100 to 1300° F. 

Copper, in amounts from 0.27 to 
0.84%, markedly increases the time 
required for recrystallization of cold 
reduced low-carbon steels at 1050. 
1100 and 1200° F., if hot rolled ma- 
terial is solution treated for 30 min. 
at 1300° F. or normalized 1 hr. at 
1650° F. prior to cold reduction. 
This effect is marked even if copper 
is partially precipitated by long hold- 
ing at 1100° F. prior to cold reduc- 
tion. (In this entire investigation, 
the amount of cold reduction is ap- 
proximately 60% unless stated other- 
wise.) Holding at 1100°F. prior 
to cold reduction has no significant 
effect on recrystallization of 0.01 
and 0.43% copper steels at 1100 or 
1200° F., but it retarded signifi- 
cantly the 0.84% copper steel at 
1300° F. Conversely, holding at 
1300° F., to minimize the amount 
of copper in solid solution prior to 
cold reduction, accelerates recrys- 
tallization of the 0.61 and 0.84% 
copper steels at 1100° F.; however 
it has no significant effect on the 
0.43% copper steels. Despite this 
observation, after slow cooling from 
1300° F. these steels are much mor« 
resistant to recrystallization than a 
steel without copper; therefore, it is 
apparent that copper has a marked 
effect in retarding recrystallization 

As indicated above, an elongated 
grain structure is usually desirable 
in these low-carbon steels. A simu 
lated box anneal (slow heating and 
cooling) for 8 hr. at 1300° F. after 
cold reduction produced equiaxed 
grains in the 0.84% copper steel. 
Equiaxed grains were also produced 
in the 0.01 and 0.43% copper steels 
recrystallized isothermally at 1100° 
F. In the early stages of isothermal 
recrystallization at 1100°F., the 
0.61 and 0.84% copper steels were 
largely elongated, but the elongated 
grains gave way to equiaxed grains 
as recrystallization progressed. This 
suggests that some process, possibly 
precipitation, taking place at 1100° 
F., during or prior to the early stages 
of recrystallization, favors produc- 
tion of elongated grains but that this 
effect is slowly dissipated on holding 
at 1100° F. After a number of un- 
successful attempts, it was learned 
that an elongated grain structure in 
cold reduced 0.4 to 0.9% copper 
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M-S-A’ LIRA Analyzers help control dew point 
of furnace atmospheres 


You can prevent damaging oxidation and change in carbon content of metal 
surfaces by measuring water vapor content with M-S-A infra-red analyzers 


Typical installation shows M-S-A URA Analyzer calibrated for 
suitable dew point ranges to determine carbon potential of the 
furnace atmosphere. 


Heating metals like steel, copper, brass, etc., generally 
makes them chemically active with the atmosphere in 
the furnace. 

Such atmospheric furnace action may damage the 
surface of the metal. It may cause scaling by oxidation. 
Or change in surface carbon by carburization or decar- 
burization, 

To combat this quality control hazard, many metal- 
lurgists are holding the carbon range to much closer 
tolerances with dew point control by infra-red analysis. 
And they're using M-S-A LIRA Analyzers to do the 
job. Safely. Reliably. Accurately. 

Since water vapor is such an ideal absorber of infra- 
red radiation, M-S-A LIRA Analyzers are extremely 
well-adapted for controlling the dew point of a furnace 
atmosphere. 

There are a number of M-S-A LIRAs installed in 
annealing operations of strip steel and special carbon 
steels, and also in pure hydrogen atmospheres where 
hydrogen brazing is taking place. 

Principle of operation for the M-S-A LIRA is simple. 
The gas sample passes through a sample cell through 
which an infra-red beam is directed. This direct beam 
measurement eliminates the problems usually encoun- 
tered in such analysis: getting water vapor to react with 
some salt, or cooling it to cause a frost on a mirror, etc. 

An MSA Instrument Specialist will be pleased to 


: ie ‘ ‘ , The entire assembly of the M-S-A LIRA Analyzer is mounted on a self-supporting 
discuss your specific problems with you. Write for in- panel. All adjustments are easily made from the fron! of the panel. 
formation regarding your particular problems of at- 


mospheric analysis and control. 
INSTRUMENT DIVISION 


Mine Safety Appliances Company 
Pittsburgh 8, Pennsylvania 
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Ja rre 
Convertible 


EBERT SPECTROGRAPH 


Switches to direct reading analysis in less than a minute... 
determines up to 20 elements in two minutes .. . 
Now you can speed routine analyses photoelectrically, and still 
solve tough ‘todd sample” or research problems photographically — 
all with the same versatile instrument. No “‘attachments” to mount 
... no tedious realignment. With the turn of a single control you 
can convert from full-range spectrographic analysis to high speed 
direct-reading analysis of as many as 20 elements simultaneously. 


With the Jarrell-Ash 3.4 Meter Convertible Ebert Spectrograph, 
you'll enjoy flexibility that lets you tackle a greater variety of 
materials . . . analytical range to ferret out unsuspected trace 
elements . . . speed to handle more samples per hour keep 
quality control in step with production. And add to these the 
footstep-saving convenience of a single basic instrument 

with all controls centrally grouped. 

Invite a Jarrell-Ash engineer to show you firsthand how the 
Convertible Ebert Spectrograph will make your analytical efforts 
more rewarding, your lab operations more productive 

and more profitable. 


@ Built-in direct reader photoelectric head fixed in permanent mount — no 
“attachments” to move or realign. 


@ Simple, trouble-free optical system — automatically in focus at all times. 


@ Direct reader dials compute during exposure — results can be read the 
instant ignition stops. 


@ Single grating delivers full 20” of stigmatic spectrum. 


@ Available as conventional spectrograph only, with provision for easily adding 
direct reader section later if desired. 


JARRELL-ASH COMPANY 


22 Farwell Street, Newtonville 60, Massachusetts 


b » Texas Tinley Park, IM. © Pittsburgh, Penna. 

rrell San Mateo, Calif Dallas y 

Ja a sh Costa Mesa, Calif. « Atlanta,Ga. «+ Detroit, Mich. « New Brunswick, N. J. 
CANADA: Technical Service Labs., Toronto, Ontario 


| JARRELL-ASH CO., 22 Farwell Street, Newtonville 60, Massachusetts | 
| MERELY We're interested in learning firsthand, without obligation, how the Jarrell-Ash Convertible Ebert ] 
| SIGN AND Spectrograph can benefit our specific analytical operation. Please have your applications | 
engineer contact the undersigned. 
1 cur To 
LETTERHEAD 
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Copper in Steel 


steels can be obtained by heating at 
approximately 200°F. per hr. to 
1300° F. for recrystallization, or by 
pretreatment for 1 hr. or more ap- 
proximately at 950°F. and then 
heating to a temperature just high 
enough to produce recrystallization 
within a few hours. 

Increasing the amount of cold re- 
duction in the range 20 to 80% in- 
creased the degree of grain elonga- 
tion in copper steels treated to 
obtain an elongated grain structure. 
Effect of increased cold reduction 
is to increase hardness and de- 
crease grain size after annealing. 

When the annealed grain struc- 
ture is equiaxed, hardness increases 
and grain size decreases slightly 
with increase in copper content. 
When the annealed grain structure is 
elongated, the effect of copper on 
hardness and grain size is counter- 
acted by the tendency for the elon 
gated grains to be larger and hence 
softer than the equiaxed grains. 

In summary, copper greatly re- 
tards recrystallization of low-carbon 
steel and in general increases its 
hardness after annealing. Under 
proper conditions, comparatively 
coarse, elongated ferrite grains can 
be obtained in cold worked and an 
nealed low-carbon steels containing 
0.4% or more copper, in which case 
the hardening effect of copper is 
minimized. O. O. 


Thermal and Load- 
Cycling Fatigue Tests 


Digest of “Thermal and Me- 
chanical Fatigue of Nickel and 
Titanium”, by Harry Majors, 
Jr., @ Preprint No. 105, 1958. 


HERMAL and load-cycling fatigue 

tests were conducted on an- 
nealed, commercially pure nickel 
and titanium using machines of a 
design which had proven satisfac- 
tory in earlier investigations. Cy- 
cling was at the rate of 100 and 120 
cycles per hr. during thermal fatigue 
testing of the titanium and _ nickel, 
respectively, and 60 cycles per hr. 
for all load fatigue tests. Tempera- 
tures were 525 and 575° F. for the 
nickel and titanium, respectively. 
These temperatures remained con- 
stant throughout the load-cycled 
tests and were maintained as the 
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New—from Timken Company Research... 


a thru-hardening steel 


a carburizing steel 


...fOr bearing and aircraft use 
at temperatures up to 600° F. 


O meet the increasing temperatures of jet and 

rocket craft, The Timken Roller Bearing Company 
has developed two new low alloy steels with high 
recovered hardness and good resistance to tempering 
for operation up to 600° F. These steels are especially 
suited to anti-friction bearings as well as other aircraft 
and missile uses. They have been thoroughly tested 
under simulated service conditions and are available in 
the form of seamfess tubing, bar stock, bars and billets, 
and ball or roller wire. 


The thru-hardening steel— Timken TBS 600 steel—has 
a recovered hardness of 59 Rockwell C measured at 
room temperature after holding 500 hours at 600° F. 


Hot hardness at 600°F. is 56 Rockwell C which is 
extremely high for a low alloy steel. 

The carburizing steel— Timken CBS 600 steel—exhibits 
a hot hardness of 56 Rockwell C and a recovered hard- 
ness of 61 after 500 hours at 600° F., at the 1% carbon 
level. Corresponding hardness for the core is 55 and 58 
Rockwell C. Both steels contain less than 5% alloy- 
ing elements. 

TBS 600 and CBS 600 can be machined and heat 
treated in practicaHy the same way as their normally 
used counterparts. For more information call or write: 
The Timken Roller Bearing Company, Steel and Tube 
Division, Canton 6, Ohio. Cable address: “TIMROSCO”. 


See us at the 40th NATIONAL METAL EXPOSITION AND CONGRESS 
Cleveland Public Auditorium, Cleveland, Ohio, October 27-31, Booth 1051 


Alloy 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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35,000 Specimens... 


105,000 Photomicrographs... 


Not One Breakdown 


Metallurgist Byron Carns says: 


“In the past five years at Kennametal, our AO Research 
Metallograph has been operated at a minimum expendi- 
ture with regard to maintenance and repairs . . . some 
35.000 specimens were examined and over 105,000 


photographs taken for permanent records.” 


Kennametal Inc. of Latrobe, Pa. produces cemented carbides, tantalum, niobium 
and high temperature alloys. Their lab is a busy place and their AO Metallograph 
2400P has to produce a photomicrograph on the average of every six minutes. The 
AO Metallograph is constantly in use on research and development as well as the 
routine control work that floods every industrial laboratory. 

Talk to people like Byron Carns! You'll find that the AO Metallograph is de- 
signed for maximum efficiency. You perform every operation while sitting com- 
fortably at a modern desk. You compose the picture on a screen directly in front 
of you .. . the camera is focused automatically while you examine the specimen 
through the microscope. You can take notes, change magnifications, orient speci- 
mens, make exposures. . . all with unbelievable speed, ease and precision. 

Write NOW for the complete AO Metallograph story! Learn how the AO 
“Workhorse” can earn its keep in your laboratory. 


American Optical 


Company 


Dept. 
Please send me information on the LABORATORY | 
WORKHORSE... the AO METALLOGRAPH. 
NAME | 
ADDRESS 


Fatigue Tests .. . 


mean temperatures of the thermal- 
cycled tests. However, maximum, 
minimum and range of temperature 
varied from one thermalcycled test 
to another as a result of maintaining 
a constant mean temperature. Tem- 
perature and hold times were ad- 
justed to provide a nonvarying 
stress-strain hysteresis loop for all 
cycles (whether thermal or load- 
cycled) of a given stress range. 
Stresses and strains were determined 
and plotted against the log of the 
number of cycles to failure to pro- 
vide fatigue curves which strongly 
resembled the asymptotic variety 

The test specimen, essentially 
consisted of a thin-walled tube, 4 
in. long, flared and strengthened at 
both ends for easy mounting and 
testing. The test section proper 
comprised a 2-in. straight tubular 
length, with 1/, in. ID and 0.020 in. 
wall thickness. Both inside and 
outside surfaces were fine finished 
longitudinally. 

The fatigue tests were carried out 
in two machines of basically similar 
design. They consisted, primarily, 
of two horizontal plates, a base and 
head plate, separated by solid and 
hollow columns between them for 
the thermal and load-cycling ma 
chines, respectively. The test speci 
mens were rigidly mounted longi- 
tudinally between the plates and 
subjected to alternate tensile and 
compressive stress. In the thermal- 
cycled tests, the specimen was 
alternately heated and cooled, and 
thereby stressed as a result of the 
restraining effect of the solid columns 
between the plates. The test stresses 
in the load-cycled tests were pro- 
duced by alternate heating and cool- 
ing of the columns between the 
plates holding the test specimen. 
Suitably located dial gages, strain 
bridges and thermocouples provided 
the necessary information on strain 
and temperature conditions through- 
out the tests. Loading conditions 
were automatically maintained by 
electric timing circuits controlling 
the resistance heating and by forced 
air cooling of the hollow test sam- 
ples and hollow columns. 

The data relating the life values 
to the stress amplitude indicate that 
there is no appreciable difference in 
behavior between load-cycled and 
thermal-cycled titanium in the re- 
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KANTHAL heating elements 


...again selected by PACIFIC SCIENTIFIC for 


BIGGEST YET! This unique 
elevator type brazing furnace 
is the only one of its kind in 
existence today. Towering 35 
feet high, inside dimensions 
8 feet by 10 feet, loading 
capacity of 4000 pounds 
power input of 610 KW. 
umerous new features 
enable the furnace to braze, 
on a production basis, honey- 
comb panels that will with- 
stand 1600° F. continuously 
and 2000° F. intermittently. 


SEE KANTHAL AT THE 
METAL SHOW--BOOTH « 537 
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gigantic SOLAR honeycomb brazing furnace 


This unusual furnace built for Solar Air- 
craft by the Pacific Scientific Company 
of Los Angeles met rigid design specifi- 
cations in order to provide extremely 
close temperature uniformity with fast 
heating and cooling. Met them so well — 
in fact — that Solar ordered another 
similar furnace. 

And in both furnaces — KANTHAL A-l 
RODS were selected for the heating ele- 
ments. According to Pacific Scientific . . . 
“Kanthal Rods provided the ideal ele- 
ments for these honeycomb brazing 
furnaces. A protective oxide film pro- 
duced by aluminum in the rod alloy at 


the elevated temperatures its the 
wire to give extremely high tempera- 
tures for long periods of time without 
failure when operated in an air atmos- 
ahere. Kanthal A-1 elements were used 
»yecause of their ability to work at these 
elevated temperatures and to provide 
excellent service life.” 

These two Pacific-built Solar furnaces 
are among the largest KANTHAL in- 
stallations of rods. Their safisfactory 
performance is the result of constant 
KANTHAL research to provide engi- 
neers with a broader and better means 
to solve heating and resistance problems. 


Whatever your requirements - KANTHAL can provide an efficient, 
economical element to meet your needs. 


rg For further specific information and application data— write KANTHAL TODAY! 
4. 


THE KANTHAL CORPORATION - AMELIA PLACE - STAMFORD - CONNECTICUT 


Canadian Representative: Ferro Enamels - 


Ontario, Canada 


Affiliated companies: AB Kanthal, Halistahammar, Sweden 


Societa Italiana Kanthal, Milano, Italy - 


BULKA, Rio de Janeiro, Brazil 
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SPECIFIC REQUIREMENTS 
IN STEEL CASTINGS? 


TENSILE STRENGTH 
/ ABRASION RESISTANCE 


CORROSION RESISTANCE 
V/ SUBSEQUENT HEAT TREAT 


Rely on UNITCASTINGS! 
Manufacturers have learned to 
rely on Unitcast’s Specification 
Steel Castings. They know Unit- 
cast’s modern production facili- 
ties and engineering “know-how” 
assure the finest steel castings of 
consistent uniformity! 


CARBON STEEL CASTINGS _ 


Unitcast produces a complete 
range of cast steels, from plain 
carbon grades through the low 
alloy ranges—with subsequent 
heat treat service. Listed below 
are six basic steels produced by 
Unitcast. Variations or special 
steels on request. 


PHYSICAL PROPERTIES 
TYPE OF Tensile Yield | GENERAL CHARACTERISTICS 
CASTING Aces | 
b } | 
[Grade B Soft} — 
MEDIUM 
CARBON 00 8 000 | 24% 3% 140-170 | Comparable to SAE | 700d machinabiltty Above average physical 
[Grade B [Min } [Min } } [Min | properties. Weldabulity excellent Good ductility 
Medium] | 
= } Comparable to ASTM-A-148-46T 80—40 Slightly higher carbon than 
ge 17. 1¢ Medium’ grade with higher tensile properties Decreased ductility Water 
CARBON 80,000 } 5.00 ed 170-190 quench will increase hardness Pre-heating and post- heating recommended 
2 
[Grade B for welding 
Medium High| | | 
HIGH } | Comparable to SAE 1045. Attained higher tensile propertres result im 
CARBON 85,000 | 53.00 25% 179-217 | slightly less ductility Surtable for high surtace hardness Welding difficult 
[Grade B High] unless pre-heated and post. heated 


ALLOY STEEL CASTINGS 


GENERAL CHARACTERISTICS 


PHYSICAL HEAT TREATMENT 
PROPERTIES® Normahzed Quenched 
T-LOY Drawer 200 Draw F Draw 
Tensile Strength 105.000 150,000 
Yield Point 60,( 85.000 125,000 
Elongation in 2° 20° 17.0° 10.0 
Reduction of Area 40° 35.0 25 


Comparable to SAE 
strength properties ranging to 150.000 ps1. coupled with high ductriity, wear 
resistance and immunity to temperature changes. Specific areas may be flame 


or AIS! 8632 Ov quench produces excellent tensile 


Brinnell Hardness 187-217 | 217-246 

T-LOY 42 
Tensile Strength p.s.i 100 000 26,00 175,000 Superior to SAE or AIS! 8640 Recommended when high strength and hardness 
Yield Point psi 75.000 100 000 145.000 | are desired in the normalized and drawn condition Deeper hardening obtained 
Elongation in 2 12% Ki 10% by oi! quench and draw with tensile up to 175,000 ps1 High degree of hard 
Reduction of Area 1% 2 25% ness will be attained with spot or flame and aw cooling’ Water quench not 
Brinell Hardness 217-246 250-280 350.380 | recommended 


* Physical properties based on a 505" test bar turned fr 
y brope 


m standard cast lest coupon 


NOTE: Certified copies of complete test records—plus special test reports 
on each heat of steel—are provided to Unitcast customers on request. 


Let Unitcast’s engineers help you select the right castings for your 
requirements. Write or call today for detailed specification sheets. 
No obligation, of course! 


Unitcast 


UNITCAST CORPORATION 


SPECIFICATION 
STEEL 
CASTINGS 


* Toledo 9, Ohio 


Fatigue Tests .. . 


gion of 3,000 to 10,000-cycles life; 
but beyond 12,000 cycles, stresses in 
thermal fatigue are lower than in 
mechanical fatigue for equal life. 
For nickel, the thermal stresses are 
consistently less than the load 
stresses for equal life and at 100,000- 
cycles life the difference is 20%. 

In plotting life values against 
strain, only the plastic strain values 
were used. These were calculated 
from observed values of total strain, 
stress range and the average modu- 
lus of elasticity over the temperature 
ranges used in the tests. When in- 
terpreted in relation to plastic strain 
range, the test results indicate that 
the amount of plastic strain which 
can be sustained under thermal fa- 
tigue loading is only a fraction of 
that which can be sustained under 
mechanical fatigue loading. 

For the same mean temperature 
and life to rupture, nickel can ab- 
sorb twice the plastic strain under 
load cycling as it can absorb under 
thermal cycling. Similarly, titanium 
under load cycling can absorb 51/, 
times the plastic strain that it can 
absorb under thermal cycling. It is 
not known what the effect is of var- 
iation in maximum, minimum and 
range of temperature inherent in the 
thermal fatigue cycling tests, but it 
may be appreciable. 

Metallographic examination of 
ruptured fatigue specimens disclosed 
that some variation in grain size of 
the nickel occurred and that some 
coarse twinning took place in some 
areas in the titanium, but it was felt 
that neither had more effect on the 
results of this study than is inherent 
in the experimental errors. 

A. J. MILLER 


Forging Titanium Alloys 


Digest of “The Influence of 


Forging Temperature on Me- 
chanical Properties of AI-V 
Titanium Alloys”, by L. S. 


Croan and F. J. Rizzitano, @ 
Preprint No. 75, 1958. 


the aluminum-vanadium 

titanium alloys are considered 
among the most satisfactory of pres- 
ently available alloys, they are dif- 
ficult to forge, particularly in the 
1650 to 1750°F. range commonly 
used in the titanium industry. This 
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recognized opportunities 
for profitable fabrication 


recognized hallmark 
of quality products 


S Copper - aluminum 


mill products 
bearing this trademark 


If you are planning a new product, let Scovill 
Technical Service help you select the proper alloy, 
temper, finish, etc., to bring out the BEST in it... 


SCOVILL MANUFACTURING COMPANY 
MILL PRODUCTS DIVISION 

99 MILL ST., WATERBURY 20, CONN. 
PHONE PLAZA 4-1171 


L 
* 
made oud Thee tx your 
MADE IN USA 
ANDARDS 
AMERICAN INDUSTRY 


“We're guardians of the things you value most in the Mill Products you buy from Scovill... 
chemical and physical UNIFORMITY . .. uniformly good working qualities . . . inherently 
sound metal that never varies significantly from your specs...order after order, lot after lot. 


“The methods and equipment used in Scovill Mills... ultra-modern processes like Continuous 
Casting of brass alloys and our "Truspec” Aluminum Sheet mill . .. make it possible to maintain 
exceptionally high metal standards. 


“Still, day after day and hour after hour, we keep watch with detailed tests and inspections, 
using the finest mechanical and electronic testing equipment available.” 


Frederic M. Barry, Director, Metals Research Department 


BRASS COPPER - ALUMINUM 


Scovill Manufacturing Company, Mill Products Division, 99 Mill St., Waterbury 20, Conn. Phone Plaza 4-1171. 
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Induction 


A leading automobile manufacturer uses TOCCO 
Induction Heating for the tough, precision job of 
hardening camshafts. Material is high alloy cast 
iron. Minimum hardness obtained is 57 Rockwell 
C. Heating time is just 10 seconds per shaft. Pro- 
duction is 360 camshafts per hour. Take a look 
at these advantages: 

1. TOCCO's localized heating means a minimum of 
distortion—far less than if the entire shaft were 
heated by other methods. 

. Obviously, the power cost is less than if the entire 
camshaft were heated. 
. TOCCO's automated process, with precise control, 


permits far less inspection than conventional 
methods—far fewer rejects. 


4. TOCCO is cleaner and cooler, provides much 
better working conditions. 
Even though you don’t manufacture camshafts, 
look to TOCCO for your tough metal-heating 
jobs. Hardening, annealing, brazing, soldering, 
melting, heating for forging or forming—all can 
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be done better, faster and at lower cost with 
modern, automatic TOCCO Induction Heating. 


The Ohie Crankshaft Co. + Dept. R-10, Cleveland 5, Ohie 
Please send copy of “Typical Results of TOCCO Induction Hardening and Heat Treating.” 


Zone State 
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€lecte €as 
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THE OHIO CRANKSHAFT COMPANY 
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FORGING MELTING 
¢ THROUGH or DEEP-CASE HARDENING 


MOTOR-GENERATOR 


RASILY INSTALLED ANYWHERE! 
Needs less floor soace — because of ver- 
tical construction. 

incorporates vibration mounts —just level 
= und bolt to foundation. 

Totally enclosed, water cocled—ideal for 
hot, dusty, gfitty locations. 


RUGGEDLY BUILT! 

Dynamically balonced rotor—free from 
vibration. 

Epoxy-insulated generofor—Closs F in- 


sulation although ftemperoture rise is 
below Class 8 rating. 


EASIEST TO MAINTAIN! 

Gives years of trouble-fre= service. No 

fragile, short-lived or failure-prone 

components. 

Meintenance procedures ore familar. 
Mo new techniques to be learned... no 

specic! satety precautions. 


COOL-RUNNING | 

Ssarings ure cooled by oir direct from 
hea? exchanger. 
Centrally focated fan forces cool air 
out of heat exchanger into independ-— 
ent pois to the motor and to the 


Whether you are planning your 
generator. 


first installation of induction heat- 
is ing—or considering the moderni- 
FLEXIBLE IN USE! - zation or expansion of existing 
Independent generator sections permit — installations, you'll want to know 
operation as two separate induction — about the advantages of Star- 
heating stations. ; Kimble High Frequency Motor- 
Generators. You'll find the story 
in our Bulletin SK-4897—a copy 
voltages. is yours for the asking. Just study 
these advantages for yourself — 
then discuss them with the expert 
in the field —your supplier of 
complete induction heating equip- 
ment packages. 


WIDE RANGE OF FREQUENCY AND 
POWER OUTPUTS! 
1,000 cps — 175 10 350 KW. 
3800 cps— 15 to 300 Kw. 
4,200 cps -- 20 to 100 KW. 


10,060 cps — 15 to 250 KW. 


ELECTRICAL DIVISION 


including the STAR-KIMBLE product line 
SAFETY INDUSTRIES, INC. 
PO BOX 904 © TEL UNiversity 5-3171 © NEW HAVEN 4. CONN 
ENTOLETER DIVISION AUTOMATIC TIMING & CONTROLS, INC. LIGHTING DIVISION IC 
ELECTRICAL DIVISION SAFETY RAILWAY SERVICE CORPORATION THE HOWE SCALE COMPANY Malls 
INTERPROVINCIAL SAFETY INDUSTRIES LTD 


Motors © Generators @ Disk Brokes © Special Motor-Generator Sets and Control Packages 


Forging Titanium .. . 


paper describes an investigation of 
the effects of forging temperature, 
reduction ratio, cooling rates after 
hot work, and various heat treat- 
ments on the properties of two 6 Al, 
4V alloys and one 7 Al, 4 V alloy. 

In experiments with the 6 Al, 4V 
alloy, the 81/,-in. diameter bar was 
drop forged at 1800° F. to 214, in. 
diameter, machined to 2 in. diameter 
and cut to suitable lengths. Two 
billets 41/, in. long were upset press 
forged (die temperature 450° F.) at 
each of the following temperatures, 
1700, 1900 and 2200° F., and water 
quenched after forging. Final 
thickness of all billets was 114, in. 
and approximately 31 in. in diam- 
eter. All billets were heat treated 
at 1725° F. for 11/, hr. and water 
quenched, followed by heating to 
1100° F. for 2 hr., and air cooled. 
Two standard transverse V-notch 
Charpy specimens and two 0.252-in. 
diameter transverse tensile speci- 
mens were cut from each forging. 
Impact properties at 10° F. and 
tensile properties at room tempera- 
tures were obtained. 

In another series of tests, 2-in. 
diameter machined bars, 5 in. long, 
from the above heat were upset 
forged to %-in. thick plate at tem- 
peratures of 1650, 1750, 1850, 1950 
and 2200°F. with water quench 
after forging. These disks were 
quartered and subjected to the fol- 
lowing treatments: 

1. Heated to 1725° F. for 1 hr.. 
water quenched; heated to 1050° 
F. for 11/, hr., air cooled. 

2. Heated to 1550° F. for 1 hr.. 
water quenched; heated to 900° F. 
for 24 hr., air cooled. 

3. Heated to 1725° F. for 1 hr. 
water quenched; heated to 1050° F. 
for 11/, hr., water cooled. 

4. Heated to 1600° F. for 1 hr.. 
water quenched; heated to 900° F. 
for 24 hr., water cooled. 
Standard V-notch Charpy values at 

40° F. microstructures and stand 
ard tensile properties were obtained 
on all specimens. 

Billets 4 in. long and 2 in. in di- 
ameter from a second 6 Al, 4 V alloy 
heat were also upset press forged 
in open dies to %-in. thick plates 
and water quenched at the press. 
Forging temperatures were the same 
as the above series. Heat treatment 
was 1725° F. followed by a water 
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quench; then heated to 1050° F. 
for 114 hr. and air cooled. Charpy 
impact values and mechanical prop- 
erties were similarly determined on 
this series which supplied additional 
information on commercial material. 

In the final series, the 7 Al, 4V 
alloy was press forged at 1750 and 
1950° F. from billets 41/, in. in di- 
ameter and 4 in. long to make 114 
in. thick plate. Transverse Charpy 
impact values at —40° F. and ten- 
sile properties were obtained on 
these specimens water quenched 
from 1750° F. and aged for 11, hr. 
at 1050, 1100 and 1200° F. 

Results are as follows: 

1. Microstructures of plates for ged 
below the beta transus (1650 and 
1750° F.) consist of primary alpha 
globules in a matrix of transformed 
beta. Forging at temperatures 
above the beta transus results in an 
acicular structure with a banded 
appearance; primary alpha globules 
are absent. 

2. Tensile elongation decreases 
with increasing forging temperature. 
This decrease is a gradual one with 
increasing forging temperature. 

3. Impact values increase with 
increasing forging temperature. 
This, however, is not a gradual in- 
crease but markedly improves above 
the beta transus. 

4. The best combination of V- 
notch Charpy values is obtained by 
forging just above the beta transus 
and water quenching. 

5. Process losses are reduced by 
forging at higher temperatures 
(above the beta transus) and water 
quenching at the press. 

Paut G. NELSON 


Abrasive Tumbling 


Digest of “Stress Effects of 
Abrasive Tumbling”, by H. R. 
Letner, @ Preprint No. 104, 
1958. 


HE BENEFICIAL EFFECT of surface 

working on fatigue life of highly 
stressed machine and engine parts 
is a well established fact. Commer- 
cial methods for inducing the favor- 
able surface compressive stresses 
responsible for the fatigue improve- 
ment include shot-peening, tumbling, 
burnishing and surface rolling. To 
achieve good control over such oper- 
ations, it is important to have infor- 
mation relating to the influence of 
variations in processing technique 


Mano?” RECORDERS by WEST 


Now in full production, these completely new tubeless potentiometer 
strip chart recorders are ready to go to work for you. 


Get these features in all standard models at no extra cost: 


e Plug-in Construction 
e Separate Chart Re-Roll 


e Transistorized Amplifier 
e Printed Circuits 


e Dial 5 Chart Speeds 
e Chart Tearoff Strip ad — Resolution Slide 


. ° Standardizing Indicating Chart Width 
i] Light e Will Mount in 19 Inch mr 
e Built-in Chart Saver Relay Rack 


Yours are ready! For data or demonstration, write for Bulletin M 
or phone your West representative listed in the Yellow Pages. 


the trend is to WEST <- 


See us at the Metal Show 
Oct. 27th-31st, 
Cleveland, Ohio. Booth +2615 


OFFICES IM PRINCIPAL 
FACTORY AND GENERAL orrices: 


4357 W. MONTROSE, CHICAGO 41, ILL. 


BRITISH SUBSIDIARY 
WEST INSTRUMENT, LTD. 
$2 Regent St., Brighton 


Represented in Conoda By Upton, Brodeed & James 
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CHACE 


ACTUATES ANOTHER PRECISION PRODUCT 


THE SYLVANIA 


INTERNAL AUTOMATIC 
CIRCUIT BREAKER 


A Product of 
Sylvania Lighting Products, Inc. 


The Sylvania Internal Circuit Breaker was developed primarily for 
protection of electric motors such as are used in windshield wipers, 
window lifts, seat actuators, antenna lifts, air compressors, vacuum 
boosters and other automotive power equipment. Mounted adja- 
cent to the brush holders, this two-piece bimetal breaker is ambient 
compensated, self-re-closing and protects against locked rotor or 
stall current conditions. All in the series are mounted on a standard 
base which permits easy design within small motor space limitations. 


The two legs are Chace Thermostatic Bimetal. The U-shaped leg 
has the low expansive side on top, while the short straight section 
is opposite, making the unit partially ambient compensated. The 
design insures minimum derating from initial SAE calibration at 
ambient temperature levels of —20° to 200°F. The long initial on- 
time under load eliminates trip-outs due to short term overloads. 


As the modern motorcar becomes more complex with its scores 
of motor-driven devices for safety, comfort, convenience and im- 
proved operation, the hazards of fire and serious damage are mul- 
tiplied. Sylvania offers ‘permanent protection’ and ‘‘continuous 
service” based on the always predictable performance of our pre- 
cision product. Our third of a century in thermostatic bimetal 
development and production is positive assurance that your two 
and a half to six thousand dollar investment and Sylvania’s repu- 
tation are in good hands. And when your need for a temperature- 
actuated device approaches the design stage, send for our 1958 
edition of ‘Successful Applications of Chace Thermostatic Bimetal,’’ 
containing many pages of valuable design data. 


M. CHACE co. 


Bimelal 
1626 BEARD AVE., DETROIT 9, MICH. 


Abrasive Tumbling . . . 


on the magnitude of the stress in the 
surface and immediate subsurface 
layers. Improved methods for deter- 
mining stresses, developed in the 
last few years, are being used in 
intensive investigation of the distri- 
bution of stresses as a function of 
depth in surface worked products. 

In this investigation, stresses were 
determined in a number of tumbled 
test specimens of manganese oil 
hardening toolsteel employing a 
technique of controlled progressive 
etching of the cold worked surface 
in stages alternating with deflection 
measurements of the opposite pro- 
tected surface made with a com- 
parator. Experimental design em- 
braced all material and process vari- 
ables including: 

1. Steel hardness — Rockwell C- 
64, 53, 32 and 10. 

2. Initial stress state — one group 
with quenching stresses, one with 
grinding stresses and one stress- 
relieved by etching. 

3. Tumbling medium — various 
sizes and shapes of abrasive pellets 
of emery and fused alumina and 
steel burnishing balls. 

The residual surface stresses in- 
duced in the stress-free steel spec- 
imens by tumbling were compressive 
in all directions parallel to the sur- 
face with the maximums varying 
from 80,000 to 400,000 psi. depend- 
ing upon steel hardness and intensity 
of working. The stress distribution 
in steel at hardness levels of Rock- 
well C-64 and 53 typically disclosed 
a sharp decline with distance from 
the surface, the compressive stress 
generally diminishing to zero at a 
depth of about 0.002 in. 

The penetration increased as the 
steel hardness declined so that at 
Rockwell C-10 compression _pre- 

vailed to a depth of 0.012 in. The 

maximum stress at the surface was 
also significantly affected by hard- 
ness ranging from 400,000 psi. in 
the most severely worked 
quenched samples to about 80,000 
psi. in annealed pieces. 

Both the magnitude of surface 
stress and the thickness of the 
stressed layer increased with the 
particle size of the tumbling medium, 
while the type of abrasive and shape 
of the particles had little influence. 
Tumbling with steel balls appeared 
to be somewhat less effective than 
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Harshaw Scientific Offers 
Laboratories National Service 


on a Local Basis 


GLASSWARE 
APPARATUS 
EQUIPMENT * CLEVELAND 

FURNITURE 


*OAKIAND CHEMICALS PHILADELPHIA'® 


CINCINNATI * 


LOS ANGELES 


ATON ROUG a 


AMARILLO ATLANTA 


BRANCHES * Our Branch Warehouses and Sales Offices are strategically 
arty tae ony oad located to serve you. Select the one nearest you and contact 
Tel. Vicon 3-2424 them today. Our combined stock, which is probably the 


CINCINNATI 13, OHIO largest in the country, is at your disposal regardless of where 
6265 Wiehe Ra. 


Tel. REdwood 1-9100 it is located. Tell us what you need. We'll get it to you, 
DETROIT 28, MICHIGAN when you need it. 


arnt some Harshaw Scientific, Division of The Harshaw Chemical Company is unique 


HOUSTON 11, TEXAS among laboratory supply houses. We know what laboratories require since 
6622 Supply Row ourcompany employs several hundred chemists, scientists,engineers and techni- 
Tel. WAlnut 3-1627 cians in its many research, development and control laboratories and we stock 
LOS ANGELES 22, CALIFORNIA accordingly.— Glassware - Apparatus - Equipment - Furniture - Chemicals 
3237 So. Garfield Ave. 

Tel. RAymond 3-316! 


Jackson & Swanson Sts. H Division of the Harshaw Chemical Company 
Cleveland 6, Ohio 
SALES OFFICES @ 
AMARILLO, TEXAS, 3409 S. Jackson Street ® ATLANTA 5, GEORGIA, 3130 Maple Drive, N.E., Tel. CEdar 3-3560 © BATON ROUGE 6, LOUISIANA, 
3160 Florida Street, Doherty Building, Room 103, Tel. Dickens 3-1933 © BUFFALO 2, NEW YORK, 260 Delaware Avenue, Tel. GArfield 9-2000 


HASTINGS-ON-HUDSON 6, NEW YORK, Tel. HAstings 5-8250 © OAKLAND II, CALIFORNIA, 3826 Piedmont Avenue, Tel. Olympic 5-651! 
PITTSBURGH 22, PENNSYLVANIA, 504 Bessemer Building, 6th St. & Fort Duquesne Boulevard, Tel. ATlantic 1-7930 
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revolutionary new coating technique 


Man’s major problem in his use of energy has 
always been materials. As we advance into more 
complex technologies the need for a more practical 
method of working with high temperature and high 
stress materials has become compelling. Now, Plasma 
Spray, a radically new device capable of vaporizing 
and propelling any element or combination of ele- 
ments, offers the materials engineer new horizons: in 
the design of coating compositions and properties. 
This new tool extends the range and capabilities of 
materials processing into refractory metals, 
carbides, borides, silicides and nitrides. With Plasma 
Spray practically any material can be spray coated 
on another. 

The Plasma Spray system consists of a standard 
Plasmatron head fitted with a concentric spray 
attachment. With its inert jet of intense heat and con- 
trolled temperatures to 15,000°F, the instrument can 
vaporize, spray and coat even the most reactive and 
refractory of materials. Plasma Spray utilizes the 
assemblage of electrically neutral, partially ionized 
gas with an electric are created by the Plasmatron. 
Obtaining heat from a constricted and sustained dis- 
charge, plasma temperatures are three to five times 
that of an oxyacetylene flame, and the inert jet offers 
a completely uncontaminated spraying environment 
which does not oxidize either the base or the 
sprayed material. 

Plasma Spray places in the engineer’s hands an infi- 
nite number of combinations of physical properties and 
coating compositions for more practical solutions of 
high temperature, high stress materials requirements. 


*ZrBz2 coating illustrated above is from 90-95% of theoretical density 
being sprayed at 15,000°F. Melting point of ZrB2 is 5500°F. Micro- 
hardness of coating is 2000 Kilograms per mm. under 50 gram load. 


Write for price and delivery. 


Sunni plasmadyne 
Corporation 


3839 South Main Street, Santa Ana, California 


Abrasive Tumbling . . . 


with abrasive pellets of comparable 
size. The initial stress state had 
little influence on final stress pattern 
when the intensity of surface working 
was sufficient to produce a favorable 
degree of surface compression. 

Abrasive tumbling is generally 
used with the objective of removing 
scale or rust, cleaning, deburring 
and breaking edges or altering the 
finish of parts, but the author points 
out that in some cases unsuspected 
dividends are being derived from 
these operations because of the stress 
patterns produced and the resulting 
improved resistance to fatigue. 
More extensive and intelligent use 
of such practices should be possible 
based on the information presented 
in this paper. 


H. Y. Hunsicxer 


Heat Treatment of 
Zirconium-Uranium Alloys 


Digest of “The Mechanical 
Properties and Heat Treatment 
Response of Zirconium-Uranium 
Alloys”, by W. Chubb and F. A. 
Rough, @ Preprint No. 84, 1958. 


LRCONIUM has such favorable nu- 
clear, mechanical and corrosion 
properties that it is used in nuclear 
reactor fuel elements. It is used in 
the metallic form as a corrosion re- 
sistant cladding, or alloyed with 
uranium as a fuel alloy core. Such 
applications require knowledge of 
the mechanical properties and heat 
treatment response of zirconium-ura- 
nium alloys in order to establish 
practical fabrication and heat treat- 
ment schedules. 

The alloys were prepared using 
high-purity uranium and _ three 
grades of zirconium representative 
of different production processes. A 
series of alloys, ranging from 7 to 
70 wt.% U, was subjected to end 
quench tests from 900° C. (1650° 
F.) and examined using hardness 
surveys, supplemented by metallo- 
graphic and X-ray diffraction meth- 
ods to identify phases. Quenched 
alloys were also given annealing tests 
to determine the practicability of 
relieving the extreme hardness and 
brittleness developed in quenching 
some of these alloys, and to estab- 
lish appropriate annealing cycles. 
The entire range of alloys made 
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check-up: finished product: 


Art Kent (left), Sinclair industrial Visor socket for automobiles — one 
Representative, looks on as shop foreman of many products H & L, screw machine 
shows perfect finish of machined part specialists, turn out. Machining data: 
to Mr. H. L. Brasza (right), President of Speed 120 surface feet per minute, feed 
H & L Tool Company, Warren, Michigan. .004”, cycle time 12 seconds. 


Hal cuts inventory to one cutting oil... CLAIRO 16 


H & L Tool Company started saving money the day they switched to CLairo 16, 
Sinclair’s new Cutting Oil. Head man H. L. (Hank) Brasza says: “CLatro 16 
did away with the need for several different cutting oils.” 


“CLAaIRO 16 is applied to all H & L machining operations for cutting a variety 

of steels, including the critical types such as #303 Stainless and AISI-4150. 
Crarro 16 makes it possible for us to machine parts manufactured from AISI-1018 
cold rolled bar stock most satisfactorily.” 


Mr. Brasza continues: “We're also very pleased with the excellent tool life 
and finish we get with Cuarro 16.” 


You, too, can benefit from the advantages 

of Ciarro 16 Cutting Oil. Contact your local 
Sinclair Representative or write for free 
literature to: Sinclair Refining Company, 
Technical Service Division, 600 Fifth Avenue, 


New York 20, N. Y. There's no obligation. CUTTING OILS AND COOLANTS 
OCTOBER 1958 


it ~. 
« 


Automatic Heat Treating Unit 
Improves Uniformity 


Three Ways 


a) 


UNIFORM HEAT 


Atmosphere and uniform temperature distribution 
throughout the heating chamber is assured by use 
of a motor-driven fan. There are no hot spots .. . 
no stratification. 


UNIFORM QUENCH 


Submerged jet agitates the oil in the quench tank 
to give uniform quenching, even in tightly packed 
loads of small parts. 


ACCURATE CONTROL 


Heating cycle and quenching cycle can be controlled 
precisely and automatically by separate timers on 
the control panel. Either an air or oil quench can be 
selected by a simple flick of a switch. 


The Hevi-Duty atmosphere tempering unit, washer 
unit and atmosphere generator provide a complete, 
compact operation for fully automatic clean harden- 
ing, carburizing, carbonitriding, carbon restoration 
and annealing. See it at the metal show, Booth 241. 


Write for bulletins for full details. 


® industrial Furnaces 
Electric or Fuel 


® Dry Type Transformers 
*® Constant Current Regulators 
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Heat Treatment... 


from iodide zirconium was tensile 
tested in one condition of heat treat- 
ment, that is, hot rolled to ,,-in. 
sheet and annealed at 575° C. (1065° 
F.) for 24 hr. Selected alloys were 
tested in different conditions of heat 
treatment. Room-temperature tests 
were run in air, high-temperature 
tests in helium — all at a strain rate 
of about 0.007 in. per in. per min. 
Dynamic moduli were determined 
by measuring the resonant frequency 
of a loosely supported beam. This 
test shows exceptional promise as a 
research tool. 

Examination of the constitution 
diagram of the zirconium-uranium 
system shows an intermetallic, Zr,U. 
Above about 600° C. (1110° F.), 
Zr.U decomposes into a soft beta 
zirconium-gamma uranium solid so- 
lution, so that ail zirconium-uranium 
alloys can be fabricated hot. The 
data from this investigation show 
that this soft beta can be retained at 
high quenching rates in alloys of 
from 40 to 70% U, but that harden- 
ing in the beta phase takes place at 
somewhat slower quenching rates or 
lower alloy contents, down to about 
10% U. Metallographically, the 
quenched alloy appears to be re- 
tained beta zirconium, and the brit- 
tleness and high hardness appear to 
be due to changes of a coherent na- 
ture resulting from lattice distortion 
or an increase in bond strength. 

In the continuous cooling of the 
alloys during end quenching, a rela- 
tively soft martensite can be pro- 
duced in alloys containing 10 to 20% 
U. Slower cooling rates produce 
acicular alpha zirconium and Zr,U. 
The hardening which occurs in these 
treatments appears to be associated 
largely with the coherent changes 
within the beta phase. In alloys con- 
taining 60% U, alpha uranium pre- 
cipitates from the Zr,U phase at low 
cooling rates. 

The investigation established that 
minimum hardness and maximum 
ductility can be achieved in the dif- 
ferent quenched alloys by annealing 
just below the alpha-plus-beta-to- 
beta transus temperature for a short 
time, followed by an appropriate 
furnace cooling schedule. It also 
established that zirconium-uranium 
alloys retain useful long-time strength 
to about 500° C. (930° F.). 

E. C. 
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Weld Cracking in 
Magnesium Alloys 


Digest of “The Relationship 
Between Weld Cracking and 
Alloy Constitution in Some 
Binary and Ternary Magnesi- 
um Alloys”, by C. L. Kobrin and 
R. A. Dodd, @ Preprint No. 101, 
1958. 


AGNESIUM ALLOYS are readily 

joined by gas welding and inert- 
gas-shielded arc welding methods. 
A problem which is common to 
many other metals joined by fusion 
welding and gives occasional trouble 
with certain magnesium alloys is 
that of weld cracking. Since no 
solid-state transformations are in- 
volved, weld cracking of magnesium 
alloys would be expected to be of 
the type which occurs during solidifi- 
cation rather than below the solidus 
temperature. A considerable back- 
ground of investigations of aluminum 
alloys, particularly those of British 
workers, have shown that under 
these conditions the tendency for 
cracking increases in proportion to 
the solidification temperature range 
of the alloy and is dependent upon 
constitutional relationships existing 
under the conditions of solidification 
of the weld deposit 

A modified circular “patch” test 
was used to evaluate weld cracking 
tendencies of binary alloys in the 
systems Mg-Zn, Mg-Al, Mg-Sn, 
Mg-Pb and Mg-rare earths as well as 
ternary alloys of Mg-Al-Zn and Mg- 
Zn-rare earths. Tests involved de- 
position of weld metal in circular 
grooves ¥% in. deep, % in. wide and 
3 in. in diameter cut into sand cast 
‘4-in. thick plates. The weld was 
produced by the helium-shielded 
arc method using filler metal of the 
same composition as the parent plate. 
Weld cracking susceptibility ratings 
were based on average total length 
of surface cracks observed in several 
tests of each composition. 

Of the binary alloys tested, only 
those of the Mg-Zn system cracked. 
The extent of cracking varied with 
increasing zinc content in accord- 
ance with the change in nonequi- 
librium _ solidification temperature 
range and eutectic content of the 
alloys. The lack of cracking in 
alloys of the other binary systems 
was attributed to their smaller, more 
favorable solidification temperature 
ranges. The restrained weld test 
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Aluminum is melted FASTER 
and BETTER in the 
Hevi-Duty double- 
chamber dry 

hearth 

furnace 


Separate Chambers Improve Uniformity, 
Increase Speed 


Metal is melted on a sloping hearth and runs off into a 
separate holding chamber. Here it is held at a constant 
pouring temperature by thermocouple control. There is no 
danger of overheating and no cold metal enters the bath. 
This double-chamber design provides the best continuous 
production-line method for melting high-quality metals. 


Direct Firing Boosts Quality and Efficiency 
Moisture evaporates and is carried off during melting. All 
oxides are deposited on hearth surface, none are carried 
into the bath. Lack of need for bath agitation eliminates 
gas inclusions. Direct firing also saves fuel costs and pro- 
vides more comfortable working temperatures around the 
furnace. See it at the metal show, Booth 241. 


Write for Bulletin C-80 for complete details. 


® Industrial Furnaces 
Electric or Fuel 


® Dry Type Transformers 
® Constant Current Regulators 
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HOW RIVERSIDE-ALLOY HELPS YOU 
PICK THE RIGHT STAINLESS 


VAST VARIETY — Knowing your 
problem, Riverside-Alloy cansupply 
a stainless steel particularly suited 
to your needs ...in wire, rod, or 
strip form. Or, lacking a stock steel, 
Riverside-Alloy will work with your 
engineers to develop new varieties. 


1919, these steel specialists have 
been available for consultation and 
advice, without obligation. For the 
name of your nearest Riverside- 
Alloy representative, write: 

Alloy Metal Wire Works, 
Riverside-Alloy Metal Division, 

H. K. Porter Company, Inc., 
SPECIAL STEELS— Riverside-Alloy Riverside, N.J. 
can supply special stainless steels, 
too—fully soft or spring temper .. . 
magnetic or non-magnetic... for 
springs or staples, woven baskets 
or egg beaters, in just the size and 
finish you need. 


FOR FREE CATALOG, 
‘Design Handbook 
of Stainiess Steel’, 
write on your 
letterhead to the 
address above. 


” ot Staines 


FREE CONSULTATION — Let a 
Riverside-Alloy representative dis- 
cuss your problems with you. Since 


H.K. PORTER COMPANY, INC. 


RIVERSIDE-ALLOY METAL DIVISION 
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Weld Cracking . . . 


was apparently insufficiently severe 
to reveal any hot short tendency in 
the Mg-Al alloys. 

Results obtained for the ternary 
systems, Mg-Al-Zn and Mg-Zn-rare 
earths, which are the basis for impor- 
tant industrial alloys, were summa- 
rized in contour charts and indicated 
that only the alloys relatively rich 
in zinc would be expected to afford 
substantial difficulty with weld 
cracking. 

The weld cracking characteristics 
of the magnesium alloys were re- 
lated to the solidification tempera- 
ture range and eutectic content, as 
determined by alloy constitution 
under the nonequilibrium conditions 
of welding, and the tendency for 
cracking was consistent with theories 
based on observations of the relative 
susceptibilities to weld cracking and 
hot tearing of aluminum alloys. 

H. Y. Hunsicxer 


Measuring Austenite 
Transformation 


Digest of “Austenite Trans- 
formation and Incubation in an 
Alloy Steel of Eutectoid Carbon 
Content”, by R. A. Grange, 
P. T. Kilhefner, Jr., and T. P. 
Bittner, ©@ Preprint No. 93, 
1958. 


HERE IS A NEED for continuous 

cooling diagrams to accurately 
predict the transformation products 
of austenite. The experimental dif- 
ficulties in determining such dia- 
grams, however, has led to efforts to 
predict them from existing isother- 
mal transformation diagrams. 

This paper presents continuous 
cooling (C-T) and isothermal (1I-T) 
transformation diagrams for a Ni- 
Cr-Mo eutectoid steel (0.57 C, 1.16 
Ni, 1.07 Cr, 0.26 Mo), compares the 
measured C-T diagram with one de- 
rived by various methods from the 
isothermal transformation diagram, 
and presents data on the influence of 
incubation to explain the discrep- 
ancy between measured and de- 
rived diagrams in the bainite region. 

The C-T diagram was determined 
by austenitizing specimens at 1700° 
F., cooling at substantially constant 
rate to subcritical temperatures, mi- 
croscopically measuring the percent- 
age of austenite transformed and 
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WATERBURY FARREL 


: SENDZIMIR MILL 
mala@ims precise gauge across the width 
and along length of strip 


Phantom view of roll arrangement 


CONSIDER THE ADVANTAGES OF 
THE SENDZIMIR COLD MILL 


@ Extreme Accuracy In Gauge, 
Due To Uniform Support 
Throughout Mill 


@ Elimination Of Intermediate 
Anneals 


@ Greater Reductions Per Pass 
@ Highest Surface Finish 
@ Quick And Simple Roll Changes 
@ Low Initial And Maintenance 
Comte This Sendzimir cold strip mill rolls 80” wide low carbon steel from hot 
SENDZIMIR MILLS rolled thickness to .024” with total gauge variation of .0004”. Similar 
uniformity is being regularly obtained on Sendzimir cold strip mills roll- 
ARE ENGINEERED AND BUILT BY ing brass, copper, aluminum, stainless steel, silicon steel, etc. 


THE WATERBURY FARREL 
FOUNDRY & MACHINE CO. 


Waterbury, Conn.—U. S. A. 


DIVISION OF TEXTRON INC. 
SALES OFFICES: Chicago - Cleveland « Los Angeles - Millburn, N. J. 


FOREIGN; SENDZIMIR Ltd., 75 Grosvenor St., London W1, England 
PROCEDES SENZDIMIR S. A. R. L. 73 Blvd. Malesherbes, Paris 8, Fr. 
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When there’s no second chance 
to correct weld metal performance 


STAINLESS BARE WIRE 


Even the critical countdown can’t pre-test every vital factor before 
launching an earth satellite. Weld metal performance at diverse 
temperatures, various pressures and speeds can be known only 
through operation. Explorer I—America’s first earth satellite— 
and Explorer III—designed and built at California Institute of 
Technology's Jet Propulsion Laboratory—both carry welds made 
with Arcos materials. Arcos CHROMENAR 12 (Type 410 stainless 
bare wire) was selected for welding certain components. Here's 
proof again why Arcos Welding Rods and Bare Electrodes are used 
so widely when results and performance must be predetermined 
as accurately as possible. ARCOS CORPORATION, 1500 South 
50th Street, Philadelphia 43, Pa. 


Austenite . . . 


plotting the subcritical temperature 
versus cooling time below 1450° F. 
This method of plotting is experi- 
mentally justified. The I-T diagram 
was determined by conventional 
techniques. 

The C-T and I-T diagrams vary 
significantly as expected. 
the difference is due to variation in 
the rate of transformation rather 
than to anv fundamental difference 
in the nature of the transformation 
products. 


However, 


Comparison of the measured C-T 
diagram and that derived from the 
isothermal diagram, by the method 
of Grange and Kiefer, shows a wide 
discrepancy particularly in the bain- 
ite region, much too low hardenabil- 
ity being predicted by the derivation. 
Other methods of predicting con- 
tinuous cooling transformation are 
also unsatisfactory for the steel. 

When austenite is cooled below 
the equilibrium transformation tem- 
perature, there is a time lag in the 
onset of detectible transformation 
which may be called an incubation 
period. Methods for deriving C-T 
diagrams from isothermal transfor- 
mation data assume the incubation 
effects to be simply additive. How- 
ever, experiments conducted by the 
authors, to determine the effect of 
incubation at different subcritical 
temperatures upon subsequent aus- 
tenite transformation at 800° F.., 
show that the effects of incubation 
depend significantly upon the incu- 
bation temperature and that the 
effect may either accelerate or re- 
tard subsequent transformation. In 
particular, transtormation at 800° F. 
is severely retarded by incubation 
just above the bainite nose, that is, 
at 950° F. Thus the effect of incu- 
bation is not simply additive as 
assumed in the derivation of C-T 
diagrams. 

Finally, results are presented to 
show that upon continuous cooling, 
which requires that the steel pass 
through temperature ranges where 
incubation retards or accelerates 
transformation, the lowest tempera- 
ture zone prior to the beginning of 
actual transformation has the pre- 
dominant influence. Since, upon 
continuous cooling to form bainite, 
this steel must pass through a 
temperature range where incubation 
significantly retards transformation 
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(1000 to 950° F.), the bainitic hard- 
enability is higher than predicted by 
the derived C-T diagram. 

The results described in the paper 
show that the effects of incubation 
upon austenite transformation are 
complex in this steel and suggest the 
need for a theory of solid-state trans- 
formation in steel which involves 
some sort of temperature-dependent 
change in preliminary to formation 
of stable nuclei of any new phase. 
Such a theory of austenite decompo- 
sition may be based upon hetero- 
geneous rather than homogeneous 
nucleation. 

Josern F. Lisscn 


Properties of Heat 
Treated Uranium Alloy 


Digest of “Properties of As- 
Cast and Heat Treated 2 Wt. % 
Molybdenum Uranium”, by E. G. 
Zukas, @ Preprint No. 115, 1958. 


|T™= PAPER reports the mechanical 
properties which can be obtained 
by heat treating a uranium alloy con- 
taining 2.00 to 2.35 wt.% molybde- 
num and small amounts of carbon 
(90 to 160 ppm.), iron (50 to 200 
ppm.), silicon (80 to 300 ppm.), 
and aluminum (10 to 60 ppm.). 
Starting with homogeneous castings 
18x8x1% in., blanks were made 
which could be machined into V- 
notch Charpy impact and standard 
l-in. gage length tensile specimens. 
The blanks were treated in vacuum 
(0.01 to 0.1 micron) before machin- 
ing. Samples were tested in the as- 
cast condition and subjected to solu- 
tion heat treatment at 850° C. 
(1560° F.), followed by various 
quenching and aging treatments. 
Testing temperatures used were 
—198, —80, —30, 20 and 100° C. 
(—320, —110, —20, 70 and 210° 
F.) Impact specimens, unnotched 
and with various notch sizes, were 
tested on a standard Sonntag impact 
machine and tensile results were ob- 
tained at a load rate of about 6000 
psi. per min. Yield strengths were 
determined at 0.2% offset. 

The maximum tensile strength was 
229,000 psi. at a peak in the tensile 
strength-temperature curve at —30° 
C. (—20° F.) for a sample sub- 
jected to an 850° C. (1560° F.) 
solution treatment followed by water 
quenching and aging at 450° C. 


OCTOBER 1958 


When low alloy weld requirements 


are as critical as these 


Job report courtesy of 
McKiernon-Terry Corp., Dover, N. J. 


LOW HYDROGEN ELECTRODES 


This crosshead weldment—part of a Navy steam catapult for 
launching jet fighters—must withstand the repeated powerful 
surges of steam under high pressure. Arcos Tensilend 80 elec- 
isola were used to weld the SAE 4130 low alloy steel. After pro- 
gressive magnaflux checking, and proper stress relieving, all 
welds were found to meet the high strength and toughness re- 
quired for this kind of service. For the right weld metal —for the 
right welding techniques—for your tough welding problems— 
call on Arcos. ARCOS CORPORATION, 1500 South 50th Street, 
Philadelphia 43, Pa. 
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a new dimension in 


INSTRON precision metals testing 


Twinning 
in Face-centered 
Cubic Metal 


Recent studies of the deformation char- 
acteristics of copper single crystals at 4.2°K 
and 77.3°K were made on the Instron Uni- 

versal Tester equipped for low temperature 
testing. 


Special x-ray techniques were used to 

examine the tested samples . . . one of the 

© results: mechanical twinning in face-centered 
cubic metal. 

pe This heretofore unproven fact is veri- 


fied in a 10-page, illustrated article on the 
testing of copper single crystals which is 


foe now available to you. Write 
Ee for bulletin M-2 . . . it is one of 
ef many technical articles cover- 
Ry ing all fields of testing now 

ready for you in reprint form. 


ENGINEERING CORPORATION 
2507 WASHINGTON STREET. CANTON, MASS. 
EUROPEAN OFFICE: SEEFELDSTRASSE 45, ZURICH, SWITZERLAND 


-INSTRON: 


FLOOR MODEL INSTRON — full scale TABLE MODEL INSTRON — full scale 
load ranges: 2 grams to 10,000 pounds. load ranges: 2 grams to 200 pounds. 


Uranium Alloys . . . 


(840° F.) for 1 hr. All other heat 
treatments produced peaks in the 
tensile strength curves in the tem- 
perature range —30 to —80° C. 
(—20 to —110° F.) A peak in the 
yield strength curve occurred only 
with water quenching and aging. 
All other treatments produced higher 
yield strengths at the lowest tem- 
peratures. The water quenched and 
aged specimens had less than 1% 
elongation and failed in a brittle 
manner. Generally all specimens 
were brittle at the lowest tempera- 
ture. 

The better ductility values were 
obtained by quenching the speci- 
mens from 625° C. (1160° F.). The 
added ductility was accompanied by 
decreased tensile and yield strengths. 

For application of this alloy with- 
in the temperature range studied, the 
homogenized and furnace cooled 
alloy was considered practical. 
Generous fillets and elimination of 
small radii notches are recommended 
if impact loading is an important 
factor. Such an alloy would have 
tensile strengths of 100,000 psi. at 
120° C. (250° F.), 160,000 psi. at 
a peak near —80° C. (—110° F.), 
and 120,000 psi. at —200° C. 
(—330° F.). Elongation varied 
from 20% in 1 in. at 120° C. (250° 
F.) to 1% at — 200° C. (—330° F.). 
Impact strength decreased from 23 
ft-lb. at 100° C. (210° F.) to 2 ft- 
lb. at —200° C. (—330° F.). Yield 
strength ranged from about 70,000 
psi. at 120° C. (250° F.) to 100,000 
psi. at —200° C. ( —330° F.). 

W. R. Opie 


Unique Deformation of 
Magnesium Alloys 


Digest of “Unique Deforma- 
tion and Aging aracteristics 
of Certain Magnesium-Base 
Alloys”, by S. L. Couling, J. F. 
Pashak and L. Sturkey, @ Pre- 
print No. 59, 1958. 


ERTAIN MAGNESIUM ALLOYS have 
unlimited cold rollability. This 
paper describes two of these alloys 
in detail and gives the probable 
deformation mechanism operative in 
these alloys which accounts for their 
unusual behaviour. 

The alloys discussed are magne- 
sium plus 0.5% Th, and magnesium 
plus 0.2% misch metal plus 0.4% 
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Specification 
-G 


HOSKINS 


umel 


“THERMOCOUPLE ALLOYS 


Available guaranteed to special close tolerances 


for precision laboratory and research work 


Hoskins standard grade Chromel-Alumel thermocouple 
alloys for industrial heat treating applications are uncon- 
ditionally guaranteed to register true temperature — e.m.f. 
values within +4° F. from 32° to 530° F., and within 
+%4% at temperatures from 531° up to 2300° F. For 
precision laboratory and research work, however, 
Chromel-Alumel is available under specification #3-G-170 
in suitable selected wire sizes guaranteed to the special 
close tolerances shown in the table at right. Or, under 
specification #3-G-178, they are also offered in sizes 
from 2 through 40 gauge guaranteed to one-half the 
standard grade tolerance in the range from 1050° F. to 
maximum recommended operating temperatures. 


CHROMEL-ALUMEL — SPECIFICATION #3-G-170 

Wire Size _ Temp. Range _| Tolerance 
18, 20, 22 gauge 1000°—2000° F. +S° F 
24 and 28 gauge 1000°—1600° F 5° F. 


30 thru 40 gauge 1000°—1400°F. | +5°F 


Ask for them by name! Your instrument manufacturer 
or pyrometer service company can supply your needs 
for bare or insulated wire and assembled couples — plus 
Chromel-Alumel extension lead wire to eliminate “cold- 
end” errors. Wires are available, too, direct from factory 
stocks — so ask for them by name. “Chromel-Alumel” 
thermocouple wire — trade names you can trust! 


Chromel-Alumel thermocouple alloys are produced exclusively by 


HOSKINS MANUFACTURING CO. 


4445 LAWTON AVE. - DETROIT 8, MICHIGAN «+ PHONE TYler 5-2860 
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PRODUCTION TIME 
and REPLACEMENT COST 


Have ZAK Fabricate and Machine 
Your for 


VACUUM MELTING 


. Tested and certified at 
of the plant for pump down 
3 and leak rate measured in 


microns, ZAK manufac- 
tured crucibles ‘hold up’ 
under work schedules 
that ‘break down’ ordi- 
nary crucibles. 


The production time 
saved by longer life will 
be high; the replacement 
cost — low! 


Zak manufactures any 
size or shape from 20 lb. 
evaluation to production 
crucibles producing in- 
gots in excess of 6 tons. 


inquiries On your ingot 
mold requirements. 


. . . engineering manu- 
facturers of special 
Vacuum Applications 
for Melting, Annealing 
and Processing. 


See you at the National 


Vacuum crucible 12 ft. Metal Exposition 


high which yields a October 27th - 31st — Booth 941 
12,000 Ib. ingot. 


AK mAcHINE woRKS, INC. 


~—————sTROY (GREEN ISLAND) NEW YORK 


Deformation . . . 


Zr. The properties of these alloys 
varied with the amount of cold 
reduction, and figures are given for 
reductions up to 87%. For example, 
the tensile yield strength (0.2% off- 
set method) increases up to approx- 
imately 15% reduction and then 
slowly decreases. The mechanism 
proposed by the authors to account 
for the behaviour is as follows: Cold 
rolling work hardens the material in 
the normal manner up to a certain 
point and then bands form causing 
the yield strength to decrease. The 
bands are thought to be sections of 
material in which the basal plane is 
more favorably oriented for slip than 
in the rest of the material. Several 
mechanisms for the band formation 
are discussed, but the authors indi- 
cate that the results to date support 
a double twinning process; a [1011] 
twin forms first and the twinned 
material retwins on a [1012] plane. 

The “softening” is not the only 
property of these alloys that the 
authors discuss, since in their own 
words “aging the cold rolled mate 
rial at low temperatures raises the 
yield strength; the greater the roll- 
ing reduction the higher the yield 
strength in subsequent aging”. It is 
proposed that the hardening mech- 
anism is polyganization within the 
bands and the subsequent pinning 
of the walls by solute diffusion to 
the dislocations. No direct evidence 
is given for such a mechanism, but 
the authors feel that it does account 
for the observed phenomena. 

Several experiments were carried 
out to show that the increase in 
yield strength during aging is not 
a simple precipitation reaction. For 
example, many experiments were 
done at temperatures where precipi- 
tation would not be expected, but 
nevertheless the increase in prop- 
erties occurred. Electron diffraction 
studies indicated that the amount 
of second phase present did not 
increase during aging nor was any 
new precipitate present. 

The paper contains six graphs 
which give the mechanical properties 
of the alloys as a function of the 
deformation and aging history. In 
addition to the graphs, there are 
four photomicrographs which show 
the important “band” structure upon 
which the properties seem to depend. 
W. C. WINEGARD 
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SPACE-AGE 
CASTING 
PROBLEMS 4 


‘SOLVED WITH 


ALLGYS 


Highest properties ever demanded! Fail-safe performance! These 

ore the requirements for castings in moon rockets and space stations. 

Costers use AeMegr UNIVERSAL ALLOYS for precise metallurgical control 
and consistent quality. Each UNIVERSAL alloy meets many seporate specifications. 


UMIVERSAL SYAINLESS STEELS 


ALLOYS FOR ALL THESE SPECIFICATIONS 
SAE | AMS | ASTM MILITARY ICI 
A 310-U | 310 | 30310 | 5366A | A296-49T | MIL-S-862A | 03925T 
316-U | 316 | 30316 | 5360 | A296-49T | MIL-S-862A-9 | 03935T 
tablurgical control, certified 410-0 | 410 | 51410 | 53508 | A296-49T | MIL-S-16993A | 05913T 
analysis ond melt-to-melt B4l6-U | 416 | SI41GF | | A276-49T | MIL-S-862A-6 | 05910T 


uniformity assure consistent 
high quolity castings. OTHER KRMET UNIVERSAL STAINLESS STEELS: R 302-U, R 303-U, 
304-U, 347-U, 414-U, 420-0, 430-0, 431-U, 431A-U, 
440A-U, 440C-U, 440F-U. 


AND SPECIAL STAINLESS STEELS 


Superalloys lore TOUGH — and. 
pe Gh 10 matte combines TYPICAL ALLOYS AND AMS DESIGNATIONS 
all constituents in eosy-to-melt, & 11 — AMS 5382 & 16 — AMS 5380 B 36 — AMS 5355 
master alicys, in 12 — AMS 5385 21 — AMS 5388 52— AMS 5376 
thot or ingot. WaiMet does &v & & 
the alloy calculations — WaiMet is licensed by leading manufacturers to produce patented special- 
amply melt and cast. purpose alloys. 


PUNIVERSAL TOOL STRELS 
STOCK SEVEN ALLOYS FOR ALL TOOL STEEL CASTING REQUIREMENTS! Only seven 
AeMer UNIVERSAL TOOL STEELS are needed to meet all specifications for standard tool 
steel ex Set also produces special-order tool steel alloys to your exact 
specification. 
ET VACUUM-MELTED ALLOYS 
NOW supplies casting olloys specially designed for melting 
WaiMet Alloys Co. is the exclusive distributor of ALLVAC 
alloys to the casting industry. 
for the soluti m fo casting 
Specification’ problems, 
consult: 
ET OMS eer 
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FF caus Model shown with Electronic Circuit 
| Panel, Diffractometer, Guinier Camera with 
Monochromator and Cylindrical Camera. 


COMPLETE...VERSATILE... 


Table Model can be used with up to 
4 individually timed cameras simul- 


taneously. Makes an ideal X-Ray These new RCA instruments offer an unsurpassed range of analysis 
diffraction generator for stress cam- facilities . . . distinctive for their versatile, technical excellence and 
eres or microradiography. operating simplicity. 


The Console Model is a completely self-contained generating unit, 
requiring a minimum of floor space. Its versatile Electronic Circuit 
Panel and automatic recorder are extremely easy to operate and can 
be used as separate equipment of high serviceability. 


The Table Model is a portable, inexpensive unit for filming X-Ray 
diffraction patterns, employing four individually timed film cameras 
simultaneously. It can also be used for stress analyses of large speci- 
mens remote from the laboratory. Ideal for small laboratories, this 
unit is equally useful in larger facilities to free more elaborate equip- 
ment for spectrometry and diffractometry. 


This new group of RCA scientific instruments is notable for its 
completeness ... providing the most flexible line of attachments 
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COMPACT NEW 


INSTRUMENTS 


and accessories for diffractometry available anywhere, including 
such devices as: a rotating single crystal layer line attachment, 
sample oscillators, preferred orientation and monochromator attach- 
ments. A microanalysis attachment for the Spectrometer permits 
analysis of an area 0.1mm in diameter, with a sensitivity of 0.2% 
by weight of the element determined. Advanced fail-safe features 
and built-in safety for the protection of the operator have been 
incorporated throughout. 


Installation supervision and contract service for RCA X-Ray 


Diffraction and Spectroscopy equipment are available through the 
RCA Service Company. 


Tmk(s) 
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SPECTROSCOPY from RCA 


Typical Straumanis type Debye-Scherrer pattern of silver and copper alloy made with an RCA 57.3mm cylindrical camera. 


Other RCA Equipments 


© Stress Cameras © Cylindrical Comeras 
Flat Cameras © Microradiography 
Comera Microradiography Cameras 
for use with fluorescent x-radiation. 
Guinier Camera and Curved Crystal 
Monochromator. 


@ Microflvorescence Analysis Attachment 


for X-Ray Spectrometer. 


© Preferred Orientation Attachment for 


Diffractometer. 
Rotating Crystal Layer Line Attachment. 


© Pole Figure Goniometer. 


Vacuum Fivorescence Spectrometer, 


Find out at once about this highly efficient new equipment available only from RCA. Write Radio Corporation of 
America, Dept. 


L-72, Building 15-1,Camden,N.J. In Canada: RCA VICTOR Company Limited, Montreal. 


CAMDEN, NEW JERSEY 


RADIO CORPORATION of AMERICA 


i 
| 
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2—centrifugal castings 


Service. 


Our experience in static high 


experienced metallurgists an 


EASTERN OFFICE 


CHICAGO OFFICE 


OFFICE AND PLANT: Scottdale, Pa. 
ATLANTA OFFICE: 


DETROIT OFFICE: 


This photograph of an ‘immersion type radiant heater’ 
shows a welded assembly of: 


1—static castings (collars) 


(straight pipe sections) 


3—shell molded castings (bends) 


This unit provides an excellent example of our broad TRIPLE 


alloy castings began in 1922; 


in centrifugal castings, in 1933; in shell molded castings, 
in 1955. Thus, in this radiant heater, the old blends with 
the new. It's an excellent example of the kind of work we do. 


If you want your high alloy castings alloyed by specifically 


d cast by specifically experi- 


enced foundry men . . . those who work exclusively along 
these lines . . . Duraloy should be your choice. 


: 12 East 41st Street, New York 17, W. Y. 
76—4th Street, N.W. 

: 332 South Michigan Avenue 

23906 Woodward Avenue, Pleasant Ridge, Mich. 


Accelerated Creep- 
Rupture Testing 


Digest of “A Procedure for 
Application of Time-Temper- 
ature Parameters to Acceler- 
ated Creep Rupture Testing”, 
by S. S. Manson, G. Succop and 
W. F. Brown, Jr., @ Preprint, 
No. 106, 1958. 


ONSIDERABLE INFORMATION — has 

appeared in the literature regard- 
ing time-temperature relations for 
the correlation of creep-rupture data. 
Most previous investigations have 
evaluated the relative merits of the 
various parameters. 
little information is available re- 
garding experimental and analytical 
methods which permit full advan- 
tage to be taken of the potential 
savings in testing time offered by 


However, very 


time-temperature parameters 

In this country particular atten- 
tion has been given to the parame 
ters proposed by Larson and Miller 
Haferd. 
These three parameters have dis 
tinctly different forms, and require 
different assumptions regarding ma- 
terial behavior. The forms are: 


Dorn, and Manson and 


LARSON AND MILLER 


(T + 460) (C + log t) =f (¢) 


Dorn 
SH 
t exp. RT, f (oa) 
MANSON AND HAFERD On LINEAR 
T-—T, 
f 


‘log t — log t, 
where T is the test temperature in 
F.; T, the absolute temperature in 
”K.; t the rupture time; C, T,, log 
t,, and SH are material constants 
assumed to be stress independent; R 
is the gas constant and f (¢) is a 
single-valued function of the applied 
nominal stress. 

Isostatic tests offer the most di- 
rect means of evaluating the con- 
stants as well as serving as a check 
on the assumptions regarding mate- 
rial behavior. If nothing is known 
about the creep behavior of the ma- 
terial, several questions arise as to 
the best procedure for conducting 
the isostatic tests. 

1. What stress or stresses are se- 
lected for the determination of the 
constants _ and Ta, log ta? 

2. How are the temperatures of 
these tests chosen so that unduly 
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paying for 
PURE 


..«« why not get it? 


Put Foote’s Electromanganese to the 
“‘what-do-I-get-for-my-money test.” 
Apply the same test to manganese 
alloys. Then compare results. 


Here’s about what you can expect. 
With Electromanganese . . . you get 
manganese and only manganese, 
99.9+-% pure! There’s no carbon, no 
silicon. And you end up with a better 
product. You gain and your customers 
gain. With manganese alloys . . . you 
get the manganese, all right, but you 
also get impurities that can be harmful 
to your steel making process—especi- 
ally if you’re making low carbon alu- 
minum killed auto steels, stainless, or 


T & 


MINERAL 


other steels where carbon and silicon 
control is critical. 


Get the manganese you need in its 
purest form—Electromanganese. A 
Foote engineer is ready to tell you the 
whole story .. . help you work out 
what you might expect in your own 
plant. Until then, Bulletin 201 will 
give you more details on Electroman- 
ganese, the special Hydrogen-Removed 
Grade (H:7.5ppm), and Nitrided 
Grades. Write Technical Literature 
Department, Foote Mineral Company, 
424 Eighteen W. Chelten Building, 
Philadelphia 44, Pennsylvania. 


COMPAN Y 


LITHIUM CHEMICALS, METAL, MINERALS e STRONTIUM CHEMICALS @ WELDING GRADE FERRO ALLOYS © ELECTROLYTIC MANGANESE 
METAL STEEL ADDITIVES COMMERCIAL MINERALS AND ORES © ZIRCONIUM, TITANIUM, HAFNIUM WODIDE PROCESS) 
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Creep-Rupture . . . 


long rupture times are avoided? 

3. How are the temperatures for 
tests at various additional stresses 
selected to avoid either extremely 
long or very short rupture times? 

The authors answer these ques- 
tions by demonstrating a rational 
procedure designed to obtain the 
linear parameter master curve for 
a Cr-Mo-V steel “17-22-A”S. The 
main features of this procedure are 
also adaptable to the Larson and 


Miller or the Dorn parameter master 
curves. A further check on _ this 
procedure was possible using previ- 
ously published isostatic data for an 
alloy of widely different composi- 
tion, namely, Timken 16-15-6. 
From the master curves, isother- 
mals were calculated for both the 
“17-22-A” S and Timken 16-15-6 
alloys. The comparisons between 
calculated results and experimental 
data permit conclusions both as to 
the validity of the proposed pro- 
cedures for applications of parame- 
ters as well as to the relative ability 


INDUSTRIAL 
BOX FURNACES 


WITH AND 


ELECTRIC 
HEAT TREATING | 


FURNACES 


New GA batch type con- 


2 Recirculating Air Draw: box 
trolled atmosphere furnace High Speed and type furnace for controlled 


designed for tool rooms heating to 1300° F.—steel 
models now ready—othe j etc. ze w. x 
to follow. Electric Furnaces 

Electric Ovens 


t 


x 36" d. x 60" h. 


x 24° d. 


Catalog and complete Information on any of 


Bench Type: for tools and small 
parts—to 2000° F. 14 sizes to 
10° w. x 8” h. x 18° d. 


finishing and industrial process- 


Recirculating Ovens: for drying, % 
ing to 600° F. 5 sizes to 36” w. 


High Temperature Box Furnace: 
for high speed steel treating to 
2500° F. 3 sizes to 12” w. x 8” h. 


Industrial Box Furnace for general 
heat treating—to 2000° F. 8 sizes 
to 24” w. x 18” h. x 48" d. 


4 


these furnaces will be gladly furnished on request. 


COOLEY ELECTRIC MANUFACTURING CORPORATION 
30 S. SHELBY ST. + INDIANAPOLIS 7, INDIANA 


of the various parameters to repre- 
sent true material behaviours. 

For both the “17-22-A”S and 
16-15-6, the isothermals calculated 
from the linear parameters master 
curve agree well with the experi- 
mentally determined data. For 
“17-22-A” S, data at times well over 
1000 hr. and, at 940° F., to 24,000 
hr. have been predicted accurately 
from tests having a duration of not 
over 100 hr. Thus, it may be con- 
cluded that the basic procedure out- 
lined for obtaining the parametric 
constants and master curve is valid. 

Regarding a comparison of the 
parameters, both the Larson and 
Miller and the Dorn relations com- 
promise the true material behaviour. 

The authors outline a procedure 
for the use of the linear time- 
temperature parameter in obtaining 
isothermal creep-rupture data on an 
alloy for which no previous creep 
information exists. This procedure 
is free from the complexities of cross 
plotting and involves no more human 
judgment than is required in draw- 
ing curves through isothermal data. 
Furthermore, a great saving in time 
and equipment is possible through 
the use of such a method. 

D. J. 


Columbium at 
Elevated Temperatures 


Digest of “High-Temperature 
Oxidation and Contamination of 
Niobium”, by W. D. Klopp, 
C. T. Sims and R. I. Jaffee, 
@ Preprint No. 64, 1958. 


Covumaiun and its alloys have 

received considerable attention 
during the last few years as possible 
structural materials for jet engines 
and nuclear reactors. At room tem- 
perature, columbium develops only 
moderate strength; however, at ele- 
vated temperatures this strength 
does not fall off rapidly and at 1600 
to 1800° F. the rupture strength is 
comparable to that of molybdenum. 
The major shortcoming of colum- 
bium is its low oxidation resistance; 
the oxide formed is not volatile be- 
low 2550° F. but apparently is not 
protective. 

The reaction rates of columbium 
with pure oxygen between 1110 and 
2190° F. were determined in a 
modified Sieverts apparatus, Cylin- 
drical specimens were machined 
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Durable Inconel radiant tubes have replaced the original tubes in this 
furnace... have served well for over a year. Two more years are predicted. 


How to get years instead of months— 
of service from your radiant tubes 


The original radiant tubes in this 
furnace failed in a few months from 
physical and cyclic thermal shock. 

The remedy ... Security Engineer- 
ing, Whittier, Cal., replaced with 
Inconel* nickel-chromium alloy tubes. 
Security made a change in burner 
control to maintain steady furnace 
temperature. The Inconel tubes are 
in good shape after almost two years 
at 1550°F. The heat treat superin- 
tendent predicts they'll last 2 more 
years! 
And in two other “hot spots’’— 
Wrought Inconel furnace baskets, as 
shown in right hand photo, carry 
parts through heating and oil quench- 
ing, give an average of 6 months’ 
service. 

Wrought Inconel carburizing con- 
tainers are going strong after a year 
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— they weigh 200 lbs, carry 1000 lbs 
of parts through 1600°F pit carbu- 
rizing and subsequent oil quenching. 
Readily fabricated, too... 

Inconel shapes are easy to form and 
weld. You can fabricate to suit any 
practical design. 

Inconel alloy is at home in a great 
variety of furnace and heat treating 
applications ... wherever you need 
high temperature strength, resis- 
tance to corrosive attack and thermal 
shock. Ask your fabricator to quote 
on Inconel radiant tubes, baskets, 
other “hot spot” equipment for your 
shop. 


*Registered trademark 


The International Nickel Company, Inc. 


67 Wall ee York 5, N. Y. 
INCO NICKEL 


Worker charges furnace with Inconel 
basket containing drilling heads. Bas- 
ket gives about 6 months’ service. 
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nace on the left. 


View of a globor furnace 
with water-cooled chamber, 
cooling system in the rear. 


Sales Territories open. 


Mail this coupon 
today for pictures 
and complete in- 
formation on mod- 
ern Waltz Fur-: 
naces. 


Front view—double-chamber furnace 
on the left; control board and quench 
tanks, center; globar-heated furnace on 
the right. 


heat-treating is 


small-tool 


furnaces 


Furnace—furnace— 
quench tanks (side-by- 
side) positioning. 


Rear view, showing the globor fur- 


Furnace—quench tanks 
—furnace (corner) 
‘positioning. 


new | 3-unit 


profitable with 


Furnace—quench tanks 
—furnace (side-by-side) 
positioning. 


Cost-conscious manufacturers are increas- 
ing their profits by doing their own small 
tool heat-treating with a new Waltz small- 
tool furnace. This modern, three-unit set up 
provides the wide temperature ranges and 
accurate controls needed to heat-treat all 
types of steels, including the cobalt type, 


right in your own plant. 


The three units consist of a drawing furnace of the recirculating type 
installed beneath a preheat furnace; oil, and water quench tanks; and 
a globar-heated, high-temperature furnace. There is an atmosphere 
generator for supplying atmosphere to the preheat and high heat fur- 
naces. The water-cooled chamber at back of globar furnace is optional 
equipment. It permits cooling of parts in controlled atmosphere. 

The furnaces may be positioned to fit your available space. Both fur- 
naces have air-operated doors, use 220 volt A.C. and are delivered 
ready to hook into your power line. 
Waltz manufactures a complete line of heat-treating furnaces using all 
types of fuels. Special models can be built to suit your requirements. 


Waltz Furnace Company I 
| Dept. W, 1901 Symmes St., Cincinnati 6, Ohio 
| Please send me without obligation (check one or both): | 
| engineering bulletin #200 on Waltz small-tool fur- 
| naces. 

| —__.general information on the complete line of Waltz | 
| heat-treating furnaces. | 
j NAME | 
| COMPANY 
| ADDRESS 
| city ZONE ___STATE | 


FURNACE COMPANY 


SYMMES STREET « CINCINNATI, OHIO 


Columbium .. . 


from arc-melted buttons. The re- 
action at 1110 to 1830° F. proceeded 
linearly within experimental error; 
however, at 2010° F. the rate in- 
creased sharply. The oxide formed 
at the lower temperatures was white 
and powdery, while at higher tem- 
peratures it formed as slabs. X-ray 
diffraction showed the scales formed 
at 1110 and 1830° F. to be T type 
and M type Nb,O,, respectively. A 
thin black subscale was found on 
the surface of the reacted metal 
samples which was identified as 
oriented Nb,O, and NbO. In neither 
scale nor subscale was NbO, found. 

The effect of oxygen pressure was 
also determined at 1470° F. using 
oxygen pressures of 76, 38 and 7.6 
cm. At 76 and 38 cm. the reaction 
rates are practically linear, but at 
7.6 cm. the curve was parabolic and 
less oxygen was consumed, At 76 
cm. the scale was primarily Nb,O, 
with a very thin subscale. As pres 
sure was decreased, the Nb,O, layer 
decreased and the subscale thickness 
increased, Correlation of the sub- 
scale thickness with reaction rates 
at various pressures were inconclu- 
sive. The authors feel that the 
oxygen must diffuse through the 
subscale during oxidation. 

The reaction between columbium 
and nitrogen is very slow up to 
1830° F. Using the modified 
Sieverts apparatus, no reaction was 
detected at either 1470 or 1830° F 

In the air investigation, either arc- 
melted specimens or swaged vacuum- 
sintered rods employing intermittent 
weighing were used for oxidation 
tests. Tests were run between 1110 
and 2190° F. with results being 
lower than for oxygen. This is 
apparently the result of lower oxygen 
content in air. Nevertheless, the 
reaction rate processed at a linear 
rate but at 1830° F. was slower than 
would be expected. This could be 
accounted for by moisture in the air 
or the sintering of the oxide to pro- 
duce a more protective scale. 

Contamination of columbium was 
attributed to oxygen diffusion with 
a negligible contribution from nitro- 
gen diffusion. The diffusion coeffi- 
cients for oxygen in columbium were 
calculated from the data and a value 
of 24,900 cal. per mole obtained for 
the activation energy for diffusion. 

R. D. CHAPMAN 
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be Chromate Finishes 


. DURACOAT™ FOR: Zinc Cadmium 
B Salt Baths for all Aluminum Copper and Brass 
Heat Treating Jobs Clear, Bright, Irridescent Golden, 
from 300’ F. to Olive Drab 
2500* F. 


Neutral Hardening 


Liquid Carburizing Finishes for 
Aluminum 
Annealing — Ferrous and Non-Ferrous 


Austempering and Martempering ALUMI ETCH =3 
Liquid Nitriding Alkaline etching compound for producing 
High Speed Hardening uniform satin finish 
PreHeat and Quench Salts DEOXIDE for desmutting and preparing 
aluminum surfaces for welding 
ALUMA BRITE CONCENTRATE +14 
for bright dipping of aluminum 
ALCHROME =1 and =2 
for the protection of aluminum 


Copper and Silver Brazing 


Scale-free! Clean! Bright! 


Black Oxide 


Finishes, Equipment HEATBAIH CORPORATION 


and Controls 
Springtieid 1, Mass. 
We are originators of the 


° Prompt shipment from stock in Springfield, Chicogo, 

BLACK FINISHES: Cleveland, Detroit and Los Angeles. 
NICKEL PENTRATE" . . . a revolutionar 

development containing nickel for na In Canada: 

improved black finishing of steel. . W. J. Michoud, Ltd., Montreal. 
PX” for Stainless Steel and Cast Iron 
DURA-BLACK” for Copper and Brass 36 YEARS OF SERVICE 
PEN-ZINC for Zinc TO INDUSTRY 
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PIONEER IN 


NOW OFFERS DECORATIVE 


ON ECONOMICAL 


At long last you can now secure 
beautifully bright, gleaming colors 
from a simple LUSTER-ON chro- 
mate dip process for your zinc 
plated small parts. 

These are not just spotty identi- 
fication colors. These are scintil- 
lating golds, yellows, blues, greens, 
violets, reds, brass and copper hues 
that will add glamor and sales 


appeal. 


Especially Brilliant 
i on Wire Goods 


Be the first in your field to offer this 
sales booster. Write or wire today 
for the full story on low-cost 
LUSTER-ON COLOR. 


Samples Gladly Processed Free 


West Coast: Crown Chem. & Engr. 
Los Angeles & Son Francisco 
Canadian Licensee: Alloycroft Ltd., Montreal 


Ductile to Brittle 
Transition of 1020 Steel 


Digest of “Some Low-Temper- 
ature Observations of 1020 
Steel”, by F. S. Deronja and M. 
Gensamer, @ Preprint No. 87, 
1958. 


HIS INVESTIGATION covers the duc- 

tile to brittle transition (transition 
temperature) in an S.A.E. 1020 
steel. As pointed out in the paper, 
the usual method of studying this 
transition temperature is by means 
of a notched bar. However, the use 
of such a specimen reveals little con- 
cerning the variation of the funda- 
mental properties as the temperature 
is lowered because the strain is not 
uniformly distributed in the plastic 
region. Therefore, for this study 
a 3-in. long tensile bar was em- 
ployed. Rather than having the 
normally reduced section, these in- 
vestigators used a round specimen 
whose gage length was produced by 
machining to a 3% in. radius with 
a minimum diameter of 0.090 in. 
Such a test bar has a gage length 
which is uncertain, varying from 0.1 
to 0.4 in., being determined by the 
length over which twinning occurred 
on slow stretching. These tensile 
bars, after careful polishing, were 
capsulated in quartz tubes and heat 
treated to produce grain sizes of 
A.S.T.M. 4 and 6. 

The specimens were tested above 
20° K. in a hydrogen cryostat tensile 
machine with special precautions to 
insure alignment. When testing 
temperatures below liquid nitrogen 
were used, the expansion of high- 
pressure cylinder hydrogen was em- 
ployed being precooled with liquid 
nitrogen. For temperatures below 
20° K., a helium cryostat was used. 

Graphic results are shown for the 
effect of temperature on fracture 
stress, yield stress and reduction in 
area. The authors choose to call 
the transition temperature at a point 
corresponding to 2.5% ductility. 
Several reasons are given for this 
choice: It was the least amount 
of ductility present at the lowest 
testing temperature in A.S.T.M. 6, 
etch pits revealed fractures below 
this point were essentially cleavage, 
and the value coincides closely with 
those obtained by the intersection 
of the upper yield stress and brittle 
fracture stress curves. Test results 
indicate that an increase in grain 


How to measure 


Now is the time 


to take a 
long, hard look 


A continuous furnace is more than 
just a brick-lined structure built to heat 
a material; it is a processing tool. 

Like all processing tools, it must be 
evaluated on an overall basis. Fuel 
consumption and efficiency may be 
completely outweighed by many more- 
important economic factors centering 
around your workpiece, your total pro- 
duction program, and your work force. 

Your evaluation may well prove that 
an investment now in Selas continuous 
heat processing will bring immediate 
returns in reduced costs and improved 
product quality. 

To help you take this long, hard look 
at your heat processing equipment or 
requirements, Selas offers these 15 
evaluation factors: 


Material saving 
Labor requirements 
Automatic operation 
Material handling 
Maintenance 

Human element 
Product quality 
Temperature control 
Work in process 
Product value 

Fuel efficiency 
Production requirements 
Flexibility 

Process coordination 
Floor space 


The factual report on the facing 
page tells how a manufacturer of busi- 
ness machines took this long, hard 
look at one phase of its electric type- 
writer production. Every evaluation 
factor proved significant: two factors 
combined to represent savings which 
equalled the cost of the Selas custom- 
built equipment in less than one year! 


‘See Selas Heating im Action 
ow 
Booth.1924 
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the real cost of continuous 


al 
Ki dependable performance, electric 
typewriters require hard, tough, perfectly 
flat type-bars. By a previous method, 
hardness and toughness were imparted to 
the steel stampings but the flatness left 
something to be desired. 

This Selas heat processing machine 
produces hardness, toughness and flatness 
never before actually achieved! 

Former equipment included two open 
salt baths, hazardous even in day-to-day 
operation; particularly dangerous during 
the monthly clean-out of carry-over 
sludge. 

The Selas equipment uses a single cov- 
ered salt bath which has completely re- 
moved both of these hazards. 


Material Saving 


Selas direct heating eliminates the high 
temperature salt bath thus preventing 
contamination of the salt quench. Salt 
savings have been estimated by Selas en- 
gineers to amount to $25,000 per year. 


Labor Requirements 


Three men do the work previously per- 
formed by five . a labor saving of 
40%. In a continuous 2-shift operation, 
annual savings can amount to as much 
as 26% of the original equipment cost. 
These savings might very well be doubled 
by fully-automatic loading now being de- 
veloped. 


Automatic Operation 


Type-bars are conveyed automatically 
through the high temperature Gradiation 
furnace, the salt quench, the washer and 
the dryer. 


Material Handling 


The compactness and simplicity of the 
Selas unit have eliminated the need for 
dip-type fixtures. Instead of being trans- 
ported through the plant to a separate 
heat treating department, parts are loaded 
from the adjacent stamping press to pass 
automatically through the several proc- 
esses embodied in this one Selas machine 
—and are delivered for final tumbling and 
plating at the discharge end of the unit. 


Maintenance 


Because racks and extra fixtures are 
not required and salt pot cleaning is re- 
duced to a safe, routine operation, main- 
tenance costs are substantially less. 


Human Element 


Custom-built precision and automatic 
operation avoid variations due to human 
handling. Top production of uniformly 
austempered type-bars is consistently 
achieved. 


heat processing 


...here’s how one SELAS heat treating 
installation stands up under that ‘‘long, hard look!’’ 


HIGH TEMPERATURE 
FURNACE 


Product Quality 


Type-bars austempered in this machine 
meet specification for flatness of 0.001 in. 
and for hardness of Rc 42-44, 


Temperature Control 


Furnace temperature, salt quench tem- 
perature and dryer temperature are auto 
matically controlled from the convenient 
cubicle supplied by Selas. 


Work in Process 


Previous batch method consumed 
hours. This Selas continuous heat process- 
ing equipment heats conveyorized type- 
bars in 25 seconds, holds them in the 
salt bath for 15 minutes, cleans and 
dries them . . . a total of 21 minutes for 
the entire, complex austempering process. 


Product Value 

Value of the product as it is passing 
through this machine in a few hundred 
hours equals the customer's entire invest- 
ment in the Selas custom-built equipment. 


Fuel Efficiency 


Fuel cost amounts to about | hour of 
the 320 hour monthly production. 


Production Requirements 

The Selas machine is capable of uni- 
formly austempering 5,000 type-bars per 
hour. 


Type-bors, 45% in. long x % in. 
wide x .040 in. thick, ore auvtomot- 
ically conveyed through the high 
temperature furnace. Patterning of 


Durodiont® burners produces a uniform 1550°F 
throughout eoch bor. Parts are then released into 
salt bath held at 680°F by Gradiation™ heating. 


Flexibility 


Any of a number of similar metal 
stampings can be processed in this versa- 
tile machine. The customer has since pur- 
chased a second Selas machine to aus- 
temper cam levers at production runs of 
6,000 per hour, as well as type-bars. 


Process Coordination 

The Selas machine, developed coopera- 
tively by the customer's and Selas’ engi- 
neers, was designed to fit into the produc- 
tion area, completely integrated with the 
normal production schedule of the elec- 
tric typewriter manufacturer, All equip- 
ment, including panel-mounted combus- 
tion and temperature controls, was built 
at Selas. Selas engineers supervised start- 
up in customer's plant. 

Floor Space 

The compact unit occupies about half 
the floor space occupied by previous 
equipment. With all the heat directed 
into the workpieces—not the work area 
—adjacent floor space can be utilized 
efficiently. 

. 

For further information on this instal- 
lation, send for reprint “Automatic and 
in the Line.” For case histories covering 
other heat treating operations, heating 
for hot working, and brazing, send for 
reprint “An Economic Appraisal of Con- 
tinuous Heat Processing.” Address Dept. 
310, Selas Corporation of America 
Dresher, Pa. 


Gradiation and Duradiant are registered trade names of Selas Corporation of America. 
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Transition . . . 


size by two A.S.T.M. numbers 
lowers the transition temperature by 
about 20°C. (68° F.). 

Tests were also conducted on the 
effect of changing the testing speed 
Using the same criterion for transi 
tion temperature as for the grain 
size study, it was found that increas 
ing the testing speed one hundred 
fold (0.1 to 10 in. per min.) re- 
sulted in raising the transition term- 
perature about 10° C. (50° F.). 

Metallographic examination indi- 
cated that the primary mode of 
deformation below the transition 
temperature in coarse-grained steel] 
was twinning. With finer-grained 
steels, twinning assumes a smaller 
role and slip contributes a greater 
part to the observed ductility 
Further, as the testing temperature 
is lowered, the fracture stress starts 
to decrease at the temperature at 
which twins are first observed. 
Finally, the authors observed that 
twinning precedes crack nucleation 
and propagation in the brittle rang: 
and above the transition temperature 
can occur before yielding. 

R. D. Cuapman 
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Strain Hardening in 


Marshall’s tubular, shunt-type laboratory furnaces are 
compactly designed to apply electrical heat up Aluminum 
iy co ° trol. They are widely use 
= hin stress-rupture Digest of “Temperature and 
2600° F. Rate Dependence of Strain 
° and fatigue testing of metals, ceramics and cermets; Hardening in the Aluminum 
° also for creep testing metallic alloys. Alloy 2024-0”, by D. S. Fields, 
Pp 
Jr., and W. A. Backofen, 
Preprint No. 61, 1958. 
*. Marshall’s control panel regulates the amount of heat 
*e uniform developed in the whole unit. Accurately spaced, prop- N PRACTICAL APPLICATION strain 
temperature erly anchored furnace coils maintain uniform tempera- hardening relationships influence 


ture distribution. Test duration may range from 


distribution moments to 10,000 or more hours. 


such important commercial consid- 
erations as the permissible working 


temperatures and rates, size of equip- 

ide the ment required in metal working op- 
rnace 
a8 4 Rigid control to + 3°F. at any point inside the furna erations and range of useful service 


d ators of 
rigid ° is easily achieved. Many experienced oper temperatures and stresses for metals 


Marshall furnaces report temperature can be held to ~aerhon 
zone control + 1°F, Shunted resistances, co-ordinated with the con- and alloys. The obje ctives of the 


; trol panel, provide the extremely accurate zone- more fundamental studies have been 
: to + ro F. by-zone temperature control. Standard models are to evaluate the competitive roles of 
available with inside diameters from 1” to 6” or strain hardening and recovery over 
_ . more, and from 12%” to several feet long. Custom a range of temperatures and rates, 


models are developed to meet special needs. and thus contribute a better under- 


standing of the mechanisms and ki- 
270 W. LANE AVENUE netics of deformation and recovery. 

In this paper the strain hardening 
characteristics in shear of the com- 
mercial aluminum alloy 2024-0 are 
presented for a wide range of tem- 
peratures, —195 to +500° C. 


COLUMBUS 2, OHIO 
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This part finished better, cost less when 
degreased with NIALK’ TRICHLORethylene 


What do you do when a part that’s sup- 
posed to be bright and glossy comes out 
of the vapor degreaser dull—tarnished 
unacceptable for finishing? 

This was the problem facing The 
Plume & Atwood Mfg. Co., Thomaston, 
Conn 

Plume & Atwood manufactures pen 
caps, pen barrels and lipstick cases by 
the million to their exceptionally rigid 
quality specifications. But the high luster 
buffed into these parts was being lost in 
the degreaser. Tarnished spots suddenly 
started to show up, making a good coat- 
ing job impossible. 

This is a fairly common problem in 
vapor degreasing. It’s caused by the sol- 
vent you use turning acid. Solvent can 
go sour rapidly—unless it’s protected by 
a neutral stabilizer that doesn't lose 
strength 

Plume & Atwood tried several differ- 
ent conventional degreasing solvents, 
without success. Results were “inconsist- 
ent”: solvent life was much too short. To 
keep the Lath from going sour, P and A 


HOOKER CHEMICAL CORPORATION 
410 Union Street, Niagara Falls, N. Y. 


had to dump and clean out the degreaser 
every three weeks. 


Solved ...with NIALK 


Then P and A switched to Nia_k TRI- 
CHLORethylene. Result: immediate im- 
provement. The first charge of Niack 
solvent functioned without trouble for 
nine weeks. 

There's no telling how much longer this 
charge would have continued in service, 
for at this point P and A installed newer 
degreasing equipment. Since then, NiacK 
TRICHLORethylene has remained in 
service more than six months without 
once going sour. 

As a result, P and A feels that the tar- 
nish problem is solved for good. Parts 
now come out of the degreaser untar- 
nished and immediately ready for further 
processing. 

“We're getting considerably better sol- 
vent mileage,” says John Bradford, P and 
A’s assistant to the plant manager, “and 
much improved gloss and luster at lower 


HOOKER 


CHEMICALS 


PLASTICS 


” 


cost—thanks to NIALK 


Only NIALK has psp 

This example shows why you get more 
effective, lower-cost degreasing when you 
use Niack TRICHLORethylene with 
permanent staying power. 

You never have to replenish the neutra! 
stabilizer in Niack. Even after many dis- 
tillations, it’s still there—working to pre- 
vemt acid formation and other causes of 
breakdown. You go much longer, and de- 
grease many more parts, between clean- 
outs, Cleanouts are easier, too, because 
NIALK actively retards the formation of 
degradation products in your degreaser. 


For better degreasing, do this 
See for yourself how you can keep your 
degreasers operating efficiently with 
Nuatk—long after other solvents have 
lost their punch. Write us today on your 
business letterhead for the complete facts, 
including a resume of comparative metal- 
lurgical tests on five leading brands 


NIALK® CHEMICALS 
OLoBURY® CHEMICALS 
SHE a® « MEMICALS 
PLastics 


Sales Offices: Chicago, II.; Los Angeles, Calif.; New York, N. Y.; Niagara Falls, N. Y.; Philadelphia, Pa.; 
Tacoma, Wash.; Worcester, Mass. In Canada: Hooker Chemicals Limited, North Vancouver, B. C. 


OCTOBER 1958 


5 
wilt 
- 


time-saving 
maintenance 
tool 


checks any 
surface temperature 


—in 3 seconds 


Here’s a handy, portable tool that can save you 
hours of time in checking surface temperatures 
of steam traps, water lines, electric motors, 
bearings, etc. 

The Alnor Pyrocon gives instant, accurate 
temperature readings of any surface: metallic 
or non-metallic, flat, curved—even revolving 
surfaces. It’s a well-balanced instrument 
mounted in a sturdy case for protection against 
the usual hazards of on-the-job service. Jeweled 
movement is also heavy-duty, shock-resistant 
type that will withstand hard and continuous 
use... performing with laboratory accuracy. 

A wide selection of thermocouples and ex- 
tension arms assures its adaptation to your 
needs. Eight standard F. scale ranges are avail- 
able up to 2000° F. Send for complete details 
contained in Bulletin 4257. Illinois Testing 
Laboratories, Inc., Room 523, 420 N. LaSalle 
St., Chicago 10, IIL. 


PRECISION INSTRUMENTS 
FOR EVERY INDUSTRY 


Aluminum .. . 


(—320 to +930°F.), strains and 
strain rates. The data were obtained 
using the technique of differential 
torsion testing in which two solid tor- 
sion specimens of differing radiuses 
are tested and the torque difference 
between the two is taken as that 
which would apply to a tube. In 
this manner, instability problems in- 
herent in testing tubes at large tor- 
sional strains and the complications 
of shear strain variations in solid 
specimens were avoided. 

Over the relatively small range of 
strains for which data on other alu- 
minum alloys are available, the 
strain hardening characteristics of 
2024-0 resemble those of the other 
alloys with respect to temperature 
and rate effects. At temperatures 
below 200° C. (390° F.), flow stress 
values are considerably less affected 
by temperature and strain rate than 
at higher temperatures. The exist- 
ence of the low-temperature region 
of low strain rate and temperature 
sensitivity and the observation of 
discontinuous yielding in the tests 
were evidence of strain aging. 

The presence of strain aging and 
the possible effects of variation in 
solid solubility of alloying elements 
with temperature in the commercial 
alloy interfered with a simple analy- 
sis of the behavior in terms of rela- 
tive strain hardening and thermal 
softening. However, in the high- 
temperature low-stress region calcu- 
lated activation energies in the Zener- 
Holloman parameter were found to 
be nearly equal to the activation 
energy for self-diffusion of alumi- 
num, and this was interpreted as 
indicating that recovery takes place 
simultaneously with deformation 
under these conditions. 

The Zener-Holloman parameter 
was not generally applicable to the 
data and the deviation from more 
simple behavior was attributed to 
the interference of strain aging and 
metallurgical changes occurring over 
the wide range of temperatures in- 
vestigated. This is typical of the 
difficulty often encountered when a 
complex commercial alloy is em- 
ployed in fundamental studies. 

It is noteworthy that maximum 
strains before fracture in the torsion 
tests were observed at 350° C. (660° 
F.) which is in the vicinity of the 
hot working temperature range for 
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When Performance Is Critical... 


Make Parts Like These 
From UDDEHOLM 
Spring Steel 


Flapper vaives are no better 
than the spring steel they’re made 
of. And for these critical parts only 
the finest spring steel is good enough. 
That’s why so many of them are 
made from Uddeholm tempered 


spring steel. A flapper valve must function flawlessly for years—the 
performance of the entire compressor depends on it. Manufacturers 
long ago found that Uddeholm’s fine Swedish Spring Steel met 
these needs perfectly, without fail. It still does. 


For your products Jhe same dependable quality of Uddeholm 
spring steel can insure the performance of your product. 


From Warehouse Stocks... 


Uddeholm spring steels are available in a wide variety of grades, 
sizes, tolerances and finishes. Widths run from %” to 16%”; thick- UDDEHOLM SPRING STEELS 
nesses from .001” to .125”. If you’d like assistance, or just informa- 


Annealed Clock Spring Steel 
tion, call your Uddeholm spring steel representative today. 


Camera Shutter Blade Steel 
Doctor Blade Steel 


Knife Steels 
Uddehoim Spring Stee! Quality Razor Blade Stee! 


Guarantees You... Reed Steel 
Rule Steel 


@ Maximum Fatigue Strength 


Saw Steels 
e@ Uniform Hardness Tape Steels 
e Accurate Dimensions Tempered Spring Steels 


Tempered Clicker Die Steel 
Textile Steels 

e Excellent Wear Resistance Thickness Gauge Steels 
Trowel Steels 

Valve Steels 


e Fine Micro Finish 


Write For Our Spring Stee! Stock List 


hy UDDEHOLM COMPANY OF AMERICA, INC. 


Tool and Die Steels Offices and | New York: 155 East 44th Street, MUrray Hill 7-4575 
Cold Rolled Spring Steels Warehouses | Cleveland: 4540 East 7ist Street, Dlamond 1-1110 
Los Angeles: 5037 Telegraph Road, ANgelus 2-5121 


District Representatives 


CHICAGO: Frank J. Mackin, Leroy E. Marshall, 55 East Washington, STate 2-1649 DETROIT: Warren H. Nugent, 17304 Lahser Road, KEnwood 5-6340 
PHILADELPHIA: Frank T. Campagna, 1418 Walnut St., PEnnypacker 5-2114 PITTSBURGH: Lohmeyer Steel Co. 345 Mount Lebanon Bivd., LOcust 3-0122 
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Aluminum . 


the alloy. In the tests performed at 
200° C, (390° F.), mechanical insta- 
bility resulted in a concentration of 
deformation at the center of the gage 
length. This was attributed to the 
formation of a slight longitudinal 
thermal gradient in the specimens. 
At this temperature, the gradient 
could cause a relatively significant 
variation in flow stress thus promot- 
ing localized overstrain. An unex- 
plained initial yield effect was ob- 
served at temperatures of over 425° 
C. (800° F.), at all strain rates. 
Further investigation would be 
needed to clarify factors responsible 
for this effect. 
H. Y. Hunsicker 


Titanium in Fuming 
Nitric Acid Environment 


Digest of “The Corrosion, Py- 
rophoricity, and Stress-Corro- 
sion Cracking of Titanium Al- 
loys in Fuming Nitric Acid”, by 
John B. Rittenhouse, @ Preprint 
No. 68, 1958. 


HE CORROSION BEHAVIOR of titani- 

um and commercially available ti- 
tanium alloys in fuming nitric acid 
depends upon the relative amounts 
of H,O and NO, * ions present in the 
solution. Consideration of the chem- 
istry of the HNO,-NO,-H,O system 
and corrosion characteristics ob- 
served leads to the conclusion that 
the rate-determining factors are the 
concentrations of NO* and NO,* 


Sentry-Hardened Tools 
Produce Better...Longer! 


Sentry quality-controlled hardening assures peak performance from all 
types of high carbon, high chrome or high speed steel production tools. 
The constant Diamond Block Atmosphere employed in Sentry Model “Y”’ 
heat treating furnaces is truly neutral. All steels hardening above 
1700°F can be soaked to insure maximum hardness without danger of 


scale or decarburization. 


Sentry equipment is simple in operation, and results are duplicated day 
in and day out consistently . . . without spoilage. 


Only a demonstration hardening can really show you Sentry quality. 
Send us your tools for free sample hardening. 


Visit our operating exhibit, Booth 936, Cleveland Metals Show, 


October 27-31, 1958. 


383-8 


entry 


TRADEMARK 


Request Catalog $-33* Write THE SENTRY CO., FOXBORO, MASS. 


ions in the solution. In the temper- 
ature range 25 to 71° C. (77 to 160° 
F.), the corrosion rates increase with 
increasing NO.* and decrease with 
increasing H,O. corrosion 
product removed from the surface of 
commercially pure titanium after ex- 
posure to anhydrous fuming nitric 
acid was found by X-ray diffraction 
and chemical analysis to be titanium 
metal. The white residue obtained 
by vacuum evaporation of fuming 
nitric acid after storage of commer- 
cially pure titanium was found by 
chemical analysis to be of the form 
TiO (NO,).-XH,O. Metallographic 
examination indicates that a probable 
mechanism of attack of the fuming 
nitric acid on titanium and titanium 
alloys is through intergranular cor- 
rosion of either the all-alpha or all- 
beta phase. In mixed alpha-beta al- 
loys, some indications of a possible 
galvanic mechanism of attack by the 
acid were noted. 

The corrosion-time curves of com- 
mercially pure titanium in anhydrous 
fuming nitric acid (20% NO.) fol- 
lows a power function with a time 
exponent of less than 0.5 which is 
independent of temperature in the 
range of 77 to 160° F. This be- 
havior indicates the possibility of 
borderline passivity. The corrosion- 
time curve of 92% Ti, 8% Mn alloy 
in the same medium also follows a 
power function during the first 30 
hr. of exposure, but the time expo- 
nent is greater than 0.5 indicating 
the formation of a semipermeable 
coating of limiting protective value. 
The time exponent is again inde- 
pendent of temperature between 77 
and 160° F. Beyond 30 hr. of expo- 
sure at 77°F. the corrosion-time 
curve becomes linear, whereas at 
130 and 160° F. the corrosion be- 
havior in the latter stages of corro- 
sion are not explainable by any sin 
gle mechanism. 

Ignition and pyrophoric reactions 
of titanium and its alloys are directly 
dependent upon the presence on the 
surface of a dark coating which has 
been identified as finely divided tita- 
nium metal. The ignition can be 
initiated by impact or friction after 
exposure to fuming nitric acid con- 
taining from 0 to 1.25% H,O and 
from 2.5 to 28% NO,* for periods 
of time exceeding 4 hr. The violence 
of the pyrophoric reaction increases 
with increasing storage time and 
temperature and varies somewhat 

(Continued on page 226) 
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Alcoa puts the 


Before you read on, blink your eyes. In the 
time it took to do that, this man has produced 
an entire automotive grease gun body —com- 
plete with external ribs; solid end; smooth, 
seamless interior; and go-to-market external 
finish. 

Sound too easy? No! We can make round, 
oval, square and irregular parts the same 
way. Finished parts—with the strength of 
forgings—with tolerances down to plus or 
minus 0.005"—with a smooth, corrosion-re- 
sistant finish of about 125 microinches. A 
clear case of putting the metal where you 
want it. The cost of tooling for impacts is 


metal where you want it 


surprisingly low, too. A good rule to remember 
is that virtually any closed end or tubular 
design should be considered as an Alcoa" 
Impact. 

In impacts, as well as forgings, castings, 
extrusions and screw machine parts. . . Alcoa 
puts the metal where you want it. A call to 
Alcoa can mean fewer rejects or ingenious 
design solutions . . . less waste in production 
or a product that sells faster. Start now; 
write for Alcoa Up-to-Daters, a file of design 
tipson Alcoa Engineered Products. Aluminum 
Company of America, 1999 Alcoa Building, 
Pittsburgh 19, Pennsylvania. 


ALCOA 
ALUMINUM 


Alcoa puts the metal where you want 
it in castings, forgings, extrusions. 


screw machine parts and impacts 


ALCOA THEATRE 
FINE ENTERTAINMENT 
ALTERNATE MONDAY EVENINGS 
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Are metallurgical factors putting a 
CEILING on YOUR PRODUCT performance ? 


PRODUCT PERFORMANCE RANGE 


You can lift that ceiling 


with Cannon-Muskegon vacuum-melted alloys 


If shortcomings in metals are restricting your product de- 
velopment . . . LOOK TO VACUUM MELTING. 

Vacuum melting has proven its superiority in providing 
alloys of extraordinary cleanliness — free from harmful 
inclusions and gases. Vacuum melting will produce alloys 
with improved fatigue life and thermal resistance. greater 
streneth and ductility, better corrosion and abrasion resist- 
ance, higher electrical properties . . . alloys that are tougher. 
longer lasting . . . with the desirable characteristics to make 
new and better products. 

Production or development . . . Cannon-Muskegon can 
exactly meet your requirements. Our metallurgists can ana- 
lyze your problems and accurately determine how vacuum 
melting will serve you best. 


UltraMet COBALT — FERROUS — NON-FERROUS — AND 
NICKEL-BASE ALLOYS are poured at pressures from 1 to 10 
microns in this vacuum-melting furnace at Cannon-Muskegon. 


UltraMet ALLOYS ore available in a wide 
" variety of cast or wrought forms. Billets or ingots. 
Baw Bors — round, square or hex. Strips. Sheets. Wire. 
Experimental castings. For additional information, 
Uutrra Met write for UltraMet Bulletin. 
VACUUM - MELTED ALLOYS 
von CANNON-MUSKEGON CORPORATION 


2879 Lincoln Street * Muskegon, Michigan 
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FOR ULTRASONIC INSPECTION 


GREATER SENSITIVITY 
HIGHER RESOLUTION 


LINEAR RESPONSE AND 


DYNAMIC RANGE! 


Sperry Ultrasonic Reflectoscope UR 600 introduces highly advanced 
features for both contact and immersion testing with either single 
or dual search unit techniques. New pulser and receiver circuitry 
achieves greater sensitivity and higher resolution without sacri- 
ficing linear response. Variable pulse repetition rate permits high 
speed scanning of small parts, with a bright, easy-to-read video 
trace insuring accurate visual interpretation. 

Self-contained in an aluminum case, the Reflectoscope UR 600 
weighs only 75 Ibs and can be easily carried to any point where 
testing is required . . . skids are also provided to allow simple move- 
ment on shop floors. Separate accessory case provided for cables, 
search units, reference blocks, etc. 


EASY TO OWN, this versatile new Reflectoscope is priced to put 
fast, accurate and reliable ultrasonic inspection within the reach 
of most every company ...GENEROUS TRADE-IN ALLOW- 
ANCES on older equipment make modernization with the UR 600 
both practical and economical ... EXCELLENT LEASE TERMS 
offered where rental arrangement is desired. And, a portion of the 
rental is applicable toward the purchase cost of a unit. 


SENSITIVITY 
Using 5.0 megacycles, the pip from a 
1/64” hole in an Alcoa No. 1 reference 
block is 3” high (full scale). 


RESOLUTION 
Using 10.0 megacycles, the UR 600 will 
resolve a 5/64” hole 1/4” from the sur- 
face (1/4" No. 5 Hitt block). 


LINEARITY 
Size of pip is proportional to size of re- 
flecting area of test hole, up to 2%” 
signal amplitude. 


DYNAMIC RANGE 
The dynamic range is 50 to 1. With 
controls set to produce a clearly defined 
signal from an Alcoa No. 1 block, the 
signal from a No. 7 block will appear 
below full scale deflection. 


It will pay you to investigate the new UR 600 Reflectoscope. 
Call or write for complete information or fill out and send us the coupon below. 


Please send complete information on 


"a 
J Reflectoscope UR 600 
Materials to be tested 


Have representative call 


NAME 


SPERRY PRODUCTS ING. company 


6010 Shelter Rock Rood a ADDRESS 


CITY. 
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MEASURING UNIT 


A. A thermocouple signal to a d’Arsonval galvanom- 
eter, the only moving part, moves the indicating 
pointer up scale. 


B. Aluminum vane adjusts the amount of light re- 
ceived by the photocell from the operating lamp. 


C. If operating lamp or photocell fails, output volt- 
age assumes a value equal to high temperature. 


CONTROL UNIT 


D.A one-stage magnetic amplifier amplifies small 
current from the photocell in the measuring unit. 
This is the only active electronic element in the 
controller. 


E. Pilot light goes out on line power failure. 


Pyr-O-Volt controller is dependable and trouble-free. Built-in voltage regulator 
maintains voltage within + 1% of level required for maximum operating stability. 
Thermocouple burnout.protection is optional. Spare operating lamp is supplied 
with all instruments. Available in both horizontal and vertical case models. 
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For your electric heating applications... 


Use this accurate, dependable 
controller 


® No tubes to wear out 

® Voltage regulation 

® Fail-safe design 

® Contactless, stepless control 


Here’s an accurate instrument for reliable stepless control of saturable 
reactors, r.f. generators and other power amplifiers. It has a propor- 
tional band adjustable from 24% to 5%, and a manual reset adjust- 
ment which shifts the control point over 100°% of the proportional band. 


The Pyr-O-Volt controller can control saturable core reactors up to 
100 kva, if used with a Brown magnetic amplifier. You can also use 
this proportional output millivoltmeter-controller with the General 
Electric Reactrol**, and with the Westinghouse Furnatron.*** Com- 
plete packaged systems available. 


Contact your nearby Honeywell field engineer for complete details. 
He’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Avenues, Philadel- 
phia 44, Pa. 


Honeywell 


@ REFERENCE DATA: Specification $103-5 


***Tradename, Westinghouse Electric Corp. 
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Thermokrom 
(Exothermic Fe Cr) 
Cr — approx. 50% 


— approx. 4, 6, & 8% 


EVERYTHING YOU NEED IN CHROMIUM 


Here’s one case where getting all your eggs from one 
basket pays off! When you meet all your chromium 
alloy requirements from the complete Vancoram line, 
you keep inventory and ordering problems to a mini- 
mum... you are assured of constant, superior quality 
)... and you can count on expert technical advice, no 


matter what problem crops up in your melt shop. 


And here’s another plus! Because VCA is fully inte- 
grated from mine to finished product, and supplies 
every major chromium alloy, you can count on un- 
biased recommendations when you need them. What's 
more, intensive, continuing Vanadium Corporation 
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EXLO” Fe Cr 
Cr 68/73% 
C —0.025% & 0.05% max. 
Si — 0.50/ 1.00% 


V-S Foundry Alloy 
Cr ~ 38/42% 
Si ~17/19% 
Mn — 8/11% 


ALLOYS —FROM A SINGLE SOURCE! 


metallurgical research means new, better alloys will eae VANADIUM 
come your way. So, whenever it’s a question of chro- 


CORPORATION 
mium alloys, always get the best answer—from your 


VCA representative! | OF AMERICA 


We'll be at the METAL SHOW, Booth No. 446, 
Cleveland, Ohio, October 27-31. See you there! 


Producers of alloys, metals and chemicals 
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Fuming Nitric Acid . . . 


with alloy content. It has been 
shown that after 30 and 90-day lab- 
oratory storage no pyrophoric reac- 
tions were noted when the H.O con- 
tent of fuming nitric acid exceeded 
1.3% (0 to 20% N.O). 

The tendency for stress-corrosive 
cracking also increases with increas- 
ing NO.* content in the range from 
0 to 28% and decreasing HO con- 


tent in the range of 0 to 1%. Stress- 
relieving heat treatments reduce the 
stress-corrosion tendency. 

The effects of longer than 90-day 
storage periods were not studied. 
Similarly, the effects of crevices or 
fabrication stresses on the corrosion, 
ignition tendency, or stress-corrosion 
cracking of titanium alloys in com- 
mercial fuming nitric acid were not 
investigated. It is strongly recom- 
mended by the author that consider- 
able care be exercised in the use of 


STAINLESS COSTS LESS 


THAN ALUMINUM— 


000). 
Whee 


it 


Do you know that the 
square-foot cost of 


Stainless steel sheet for curtain wall panels is usually equal 
to or lower than aluminum when compared in thicknesses of 
equal indentation resistance? For example, Type 302 stainless 
steel, .022” thick is equal to .051” aluminum and costs only 
62¢ per sq. ft., as compared to 67¢ per sq. ft. for 3003-H14 


anodized aluminum. 


For additional information on 
all gauges, fill in and mail the coupon. 


Washington Steel 
Corporation 
WASHINGTON, PENNSYLVANIA 


MAIL COUPON 
WASHINGTON STEEL CORPORATION 
10-T, diand Avenue, Wash Po, 


Gentlemen 
Please send me full information on comporative costs of stoin- 
less steel vs. cluminum for curtain wall ponels 


Nome — 


City lone 


titanium alloys in fuming nitric acid 
applications until the user has satis- 
fied himself of the suitability of the 
material by long-term testings of 
fabricated components in the fuming 
nitric acid of intended use. 


T. E. Leontis 


Ductility of Austenitic 
Stainless Alloys 


Digest of “Low-Temperature 
Embrittlement of Austenitic 
Cr-Mn-N-Fe Alloys”, by F. W. 
Schaller and V. F. Zackay, @ 
Preprint No. 109, 1958. 


TH AUTHORS investigated Cr-Mn- 
N-Fe austenitic stainless steels 
of the following composition: 


Cope Cr MN N 
D-1 14.20 14.38 0.058 
D-2 14.13 1449 0.091 
D-3 14.20 14.54 0.13 
D-4 14.32 14.16 0.29 
D-5 14.24 14.49 0.36 


D-6 16.44 14.53 0.49 


The carbon content was between 
0.02 and 0.03 for all alloys. 

Ductility was studied as a function 
of temperature, strain rate, and in- 
terstitial content. Reduction in 
area was taken as the measure of 
ductility. Temperature varied be- 
tween 100 and —196° C. (212 and 
—320° F.), and strain rates ranged 
between 0.002 and 12,000 in. per 
min. The latter strain rate was ob- 
tained by using an impact testing 
machine. The amount of martensite 
formed during plastic deformation 
was measured by magnetic means. 

The influence of interstitial con- 
tent on ductility is interpreted by 
considering two effects. The inter- 
stitials lower the M, temperature. 
Lower temperatures must be em- 
ployed to obtain the same amount 
of martensite for the same amount of 
deformation. The second effect is 
an increase in ductile-to-brittle tran- 
sition temperature with increasing 
interstitial contents. 

Accordingly, the alloys with low 
interstitial contents will form ap- 
preciable amounts of martensite dur- 
ing deformation even at room tem- 
perature, but this martensite will 
have a very low transition tempera- 
ture and will therefore be ductile 
over nearly the whole temperature 
range. As the interstitial content 
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Greater Profit and 
Operational Flexibility 


with a YODER SLITTER 


Even if you use less than 100 tons of varied strip sizes per month, it will 
pay you to investigate the savings that are possible through the operation 
of a Yoder slitter. Savings per ton increase rapidly as coil size and width 
of strands decrease ... so much, that under average gperating conditions, 
a slitter will pay for itself in a few months. 


From a small stock of standard mill-width coils, a Yoder slitting line 
enables you to meet unexpected demands, or to supply “special” width slit 
strands in a matter of a few hours. This flexible operation increases plant 
efficiency, resulting in savings of time and money through simplified 
production planning and greatly reduced strip inventories. 


The Yoder line includes slitters of every size and capacity for coil or sheet 
stock. Send for the all-new, 1958 edition of the Yoder Slitter Book. It 
is a comprehensive text on the mechanics and economics of slitter opera- 
tions with time studies, cost analyses, and other valuable data. Write to: 


THE YODER COMPANY 
65695 Walworth Avenue . Cleveland 2, Ohio 
VISIT BOOTH 2770, METAL SHOW, CLEVELAND, OHIO, OCTOBER 27-31 


ROTARY SLITTING LINES 


PIPE ANU TUBE MILLS (ferrous or non-ferrous) 
COLD ROLL FORMING MACHINES 
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For the best, buy 


DETROIT 


Testing Machines 


BRINELL 


hardness testing machines 


in many standard models. 
Special models too. 


Vdd 


TENSILE 


testing machines, 


in portable style 
(below), and up to 
20,000 Ib. capacity, 
as standards. 


DUCTILITY 


testers for sheet metal 
are hydraulically powered, 
have 3/16-inch capacity. 


write today for 
more information 


4 9384 Grinnell Avenue, Detroit 13, Michigan 


SEE US AT THE SHOW—SOOTH 2423 


THIS SELF-CONTAINED 
FLUID COOLING SYSTEM 


gives most accurate 


temperature control 


Applied in cooling industrial machines or 
processes to temperatures approaching the 
ambient wet-bulb, the NIAGARA Aero HEAT 
EXCHANGER is independent of any more 
than a nominal water supply or disposal. The 
coolant system is a closed one, free from dirt 


and maintenance troubles. 

Heat is removed from your pro- 
cess at the rate of input, giving you 
precisely the temperature you re- 
quire and assuring the quality of 
your product. Heat may be added 
to prevent freezing in winter or for 
better control in a warm-up period. 
Liquids or gases are cooled with 
equal effectiveness. 

Heat is rejected outdoors. Only 


the little water evaporated on the 
cooling coils in the air stream, or 
discharged to prevent hardness 
build-up, is consumed. 

Niagara sectional construction 
saves you much installation and 
upkeep expense, gives full access to 
all interior parts and piping. Your 
equipment always gives you full 
capacity and “new plant” efficiency. 


Write for Niagara Bulletin No. 132 for complete information 


NIAGARA BLOWER COMPANY 


Dept. MP-10, 405 Lexington Ave., New York 17, N.Y. 
District Engineers in Principal Cities of U.S. and Canada 


Stainless Steel . . . 


increases, the tempera- 
ture for the as-formed martensite is 
raised and the alloys are brittle over 
a large range of temperature. At 
high enough interstitial levels, how- 
ever, the M, becomes the important 
factor and the effect of temperature 
upon ductility is reversed. Thus, a 
steel with 0.49% Ni becomes brittle 
at a lower temperature than a simi- 
lar steel with 0.36% Ni. 

The effect of crosshead speed on 


transition 


ductility is relatively minor for alloys 
with the lowest interstitial contents. 
For an alloy with 0.13% Ni, on the 
other hand, tested at 160 and 
—196° C. (—256 and —320° F.), 
the authors find low ductility at low 
crosshead speeds, but above a cer- 
tain value of the strain rate, the duc 
tility increases to a constant and high 
ductility value. The lower the test- 
ing temperature, the higher is the 
threshold speed. When the nitro- 
gen content is increased, this phe- 
nomenon takes place at increasingly 
higher temperature. 

The authors believe that the effect 
is due to localized heating in the 
necking area. Temperature meas- 
urements with thermocouple _ sol- 
dered to the specimen show an ap- 
preciable temperature rise at the 
same crosshead speed at which the 
ductility increased from a low to a 
high value. This experiment strong 
ly supports the authors’ idea of 
localized heating. 

Kurt M. Carisen 


Brittle Fracture 
Propagation 


Digest of “Cleavage Step 
Formation in Brittle Fracture 
Propagation”, by J. M. Barry, 
@ Preprint No. 57, 1958. 


ppeeorem SURFACES are quite var- 

ied in appearance. A study of 
the crystallographic features of these 
surfaces in silicon iron led to a fur- 
ther understanding of brittle frac- 
ture propagation. 

Single crystals of silicon iron were 
fractured by driving a wedge into a 
notch at one end of the crystal at 
—196° C. (—320° F.). Since it 
was not possible to initiate fracture 
at room temperature, in some in- 
stances restraining blocks were used 
to stop the propagating crack. The 
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FOR ALL 
HEAT-DEPENDENT 
OPERATIONS 


Sixty-three different com- 
positions enable you to 
determine and control 
working temperatures 
from 113° to 2000° F. 
TEMPILSTIK® marks on 
workpiece “say when” by 
melting at stated tempera- 
tures—plus or minus 1%. 


also available in 
pellet and liquid form 


Tempil “Basic 
FREE Guide to Ferrous 
Metallurgy"— 


0164" x21" plastic-laminated 
wall chart in color. 


Send for sample pellets, stating 
temperatures of interest to you. is 


CLAUD S. GORDON CO. 


Manufacturers + Engineers + Distributors 


613 West 30th St., Chicago 16, Ill. 
2021 Hamilton Ave., Cleveland 14, Ohio 
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blocks were then removed and the 
specimen allowed to come to room 
temperature, when the crack could 
be restarted. 

Because it is impossible to avoid 
very high normal stresses to a single 
cleavage plane, fracture starts at a 
number of relatively widely sepa- 
rated levels at the base of the notch. 
As these cracks propagate laterally, 
they tend to join up by forming 
“cleavage steps”. As the fracture 
propagates longitudinally, the dif- 
ference in height can be reduced by 
running together steps of different 
signs. This 
pattern” appearance of fracture sur- 
faces. Fracture surfaces created by 
cleavage at 25° C. (77° F.) and 

196° C, (— 320° F.) appear to be 
qualitatively similar. 


results in the “river 


The main cleavage plane is made 
up of many different levels, but only 
one orientation. The levels are con- 
nected to each other by cleavage 
steps, which may be brittle, formed 
by cleavage on the (100) or (211) 
type of planes, or ductile, formed by 
a shearing-off process. Cleavage on 
the (211) type planes occurs only 
if these planes form a twin-parent 
crvstal interface. 

Cleavage step formation by the 
shearing-off model was not observed. 
However, since much of the detail 
of the river pattern was not resolv- 
able, it seems possible that this mode 
of step formation could be quite 
common when the level differences 
are small. Electron microscope 
photographs showed that both crys- 
tallographic and noncrystallographic 
features were present. 

It was observed that the over- 
lapping of two cracks, on two dif- 
ferent planes, would pull up a flap 
of material between them. A_ twin 
would then form in the flap, pre- 
sumably due to plastic deformation, 
with the eventual result that the flap 
would fracture along the twin-parent 
crystal interface. 

From a study of the appearance 
of cleavage steps on the fracture sur- 
faces and on the fracture profiles 
at increasing distances from the 
sawed notch, it was observed that 
the geometry of the steps was the 
same, regardless of size, and that the 
step height decreased. 

It was apparent from crystallo- 
graphic arguments metallo- 
graphic observation that true cleav- 
age can occur on twin-parent crystal 
interfaces during fracture propaga- 


Malleabrasive has the uniformity of 
metallurgical structure from one lot to the 
next that has leveled ovt the cost chart 
line in many of America’s largest 
foundries and other meatal working plan*s. 
Not only leveled —but lowered! 


The full and complete Malleabrasive 
process itself—used by ourselves 
exclusively — provides a degree of 


THE GLOBE STEEL ABRASIVE CO. 
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Brittle Fracture . . . 


tion. While such cleavage facets 
are parallel to (211) type planes, it 
would probably be unwarranted to 
infer from this that (211) type 
planes are cleavage planes in the 
same sense that (100) type planes 
are. Several unsuccessful attempts 
were made to start and propagate a 
fracture in a specimen so oriented 
that the stresses at the base of the 
sawed notch were normal to a (211) 
type plane. 

The reason that cleavage can oc- 
cur along the twin-parent crystal in- 
terface is presumably that this inter- 
face is already strained a certain 
amount. It can be shown that cleav- 
age will relieve that strain. 

Models to describe the formation 
of cleavage steps can assign to plas- 
tic deformation three quite different 
roles. First, it can be described as 
playing a continuous and terminal 
role in connecting cracks on different 
levels either by plastic necking off 
of flaps, or by plastic shearing off. 
Secondly, it is proposed here that 


plastic deformation forms of twin- 
ning can create a new type of cleav- 
age plane, the twin-parent crystal 
interface. Finally, plastic de forma- 
tion has been considered to be the 
means by which fracture is initiated 
on cleavage planes. 
Derek WALTON 


Binary Columbium Alloys 


Digest of “Studies of the 
Oxidation and Contamination 
Resistance of Binary Niobium 
Alloys”, by Chester T. Sims, 
William D. Klopp and Robert 
I. Jaffee, @ Preprint No. 70, 
1958. 


HILE COLUMBIUM has consider- 

able potential as a high-temper- 
ature structural material, the oxida- 
tion resistance of the pure metal is 
quite poor, a failing which is com- 
mon to all the refractory metals. 
Unlike molybdenum and tungsten, 
the high-temperature oxide of co- 
lumbium, Cb,O,, is essentially non- 
volatile at temperatures up to 1200° 
C. (2190° F.), hence the possibility 
of improving the oxidation resistance 
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MORE HEAT TREATING VOLUME 


with BASIC "BUZZER PACKAGE" 


NO BLOWER OR OTHER POWER NEEDED 
. just connect to gas supply 


units give you the most 


modern gos-fired heat treating and melting 
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dabi 


and 


productive system for turning ovt quailty jobs at low 
productions costs. When power is off —'‘BUZZER’’ 


stays 


on the job! Standard and special furnaces, large or 
small, avoilable to equip your shop to exact requirements. 


COMPLETE LINE OF 


RINSING, PICKLING AND SUNDRY HEAT OPERATIONS 


BURNERS FOR CLEANING, 
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WRITE TODAY FOR NEW “BUZZER” CATALOG 


CHARLES A. HONES, INC. 


123 S$. GRAND AVENUE, BALDWIN, L.I., 
HEAT TREATING EQUIPMENT SPECIALISTS SINCE 1911 


N.Y. @ BAldwin 3-1110 


of columbium by alloying appears 
promising. 

Studies of the effect of binary al- 
loy additions of titanium, chromium 
and zirconium up to 35 at.%, 
dium, molybdenum, 
tungsten to 25 at.%, and beryllium, 
boron, cobalt, iron, 
nickel and silicon to 


vana- 
tantalum and 
manganese, 
5 at.% on the 
oxidation and contamination resist- 
ance of columbium 
out. 
able since columbium 
may be seriously embrittled by diffu- 
sion of oxygen from the oxide scale. 
Testing was done in air at 600, 800 
and 1000° C. (1110, 1470 and 
1830° F.). The extent of contami- 
nation was determined by means of 
hardness traverses on the oxidized 
specimens. 
The results reveal that: 

Additions of 

mium, 


were carried 
The latter effect is of consider- 
importance 


titanium, chro- 
molybdenum and vanadium 
improve the oxidation resistance of 
columbium. This oxidation resist- 
ance improves’ with increasing 
amounts of titanium up to at least 25 
at.% Ti. Optimum oxidation resist- 
ance occurs at 5 at.% Mo, 10 to 20 
at.% Cr and 5 to 10 at.% V for 
these binary alloys. The oxidation 
resistance of columbium at 600 and 
800° C. (1110 and 1470° F.) is im- 
proved by adding 35 at.% Zr. All 
of the alloys studied oxidized in a 
linear manner, similar to the oxida- 
tion of pure columbium at tempera- 
tures over 500° C. (930° F.). 

2. Binary additions of up to 25 at. 
% W and Ta and up to 5 at.% B 
and Si do not significantly improve 
the oxidation resistance of colum- 
bium. Severe losses resulted during 
are melting binary alloys of colum- 
bium with aluminum, beryllium, co- 
balt, iron, manganese and nickel, and 
conclusions could not be drawn from 
the data obtained. 

3. Additions of titanium, zirconi- 
um, chromium and vanadium reduce 
internal contamination of columbium 
by oxygen significantly. The alloy 
containing 35 at.% zirconium showed 
exceptionally good results in this re- 
spect. The contamination resistance 
of the titanium alloys increased with 
increasing titanium content up to 35 
at.%. At 1000°C. (1830° F.) the 
alloy with 20 at.% chromium pos- 
sessed comparable contamination re- 
sistance to the best titanium alloys 
tested. 

4. Additions of up to 25 at. % Mo, 
(Continued on p. 236) 
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Get Started Easily 
In Vacuum Metallurgy 


NRC experience and standard 
ARC, INDUCTION and RESISTANCE 
furnaces can remove the 

mystery from vacuum metallurgy 


NRC Model 2551 Vacuum INDUCTION Furnace. Pockaged 
facility for melting, purifying, alloying, casting and heat treating. 
Capacity 12 Ibs. Other standard and special induction furnaces 
with capacities up to 5000 Ibs. 


If you're considering vacuum metallurgy as part of your product 
improvement or quality control program, you don’t have to start 
from scratch. You can get a head-start by drawing on the experi- 
ence NRC has gained from building and operating more high 
vacuum furnaces than any other organization in the world. You 
can easily find out 


If vacuum metallurgy can help you as it has others. 

Whether you really need to run your own development program. 
What type of furnace would be most suitable for your program. 
How to avoid the expensive pitfalls which have so often 
trapped beginners. 


Then, if you decide to run your own development program, you'll 
find you can get started easily, economically and quickly with a 
standard NRC furnace, such as those shown here. You won't need 
a vacuum expert to run it either. NRC furnaces are designed for 
simplicity, and our engineers will teach you up-to-date operating 
techniques. This is the way for you to get usefu! results sooner, 
with a minimum investment in equipment, time, and operating 
costs. 

Get started easily by writing for more information today. 


NRC Model 2703 Vacuum ARC Furnace. Safe 
ond versatile unit for consumable or nonconsum- 
able electrode melting into cold mold or skull (con- 
sumable head not shown). Other arc furnaces with 
capacities to 10,000 Ibs. 


NRC Model 2904-8 Vacuum RESISTANCE 
Furnace. Over 100 now in use for melting, purify- 
ing, alloying, casting, sintering, brazing, annealing, 
ond heat treating. Capacity 2-8 Ibs. Temperature 
above 2000°C. Pressures to 10°° mm Hg. Other 
standord resistance bell, muffle, and pit furnaces 
with hot zones to 54” dia. by 12’. 


NRC 


EQUIPMENT y 


CORPORATION 


DEPT IX. CHARLEMONT ST., NEWTON 61, MASS. 
A Subsidiary of National Research Corporation 


SEE US AT BOOTH NO. 1723—NATIONAL METAL SHOW, CLEVELAND, OHIO 
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BRISTOL’S 


INSTRUMENTATION 


x 


NEWS AND INFORMATION ABOUT AUTOMATIC CONTROLLING AND 


THEY CALL IT 


“the instrument man’s instrument” 


That’s because more and more instru- 
ment men—engineers, scientists and 
research workers—are turning to Bris- 
tol Electronic Dynamaster* potentio- 
meter and bridge instruments to fill 
exacting requirements. These men de- 
mand the utmost in instrument accu- 
racy, precision and dependability; 
they need an instrument that’s out- 
standingly versatile and adaptable in 
application. They get these qualities 
and more in Bristol Dynamaster in- 
struments. Take these Dynamaster 
features, for example: 

1. Continuous standardization—ac- 
curately, automatically, and continu- 
ously standardizes potentiometer 
against standard cell with no interrup- 
tion to control. Eliminates dry cells 
and usual standardizing mechanism. 

2. High accuracy . . . fast, continu- 
ous electronic measurement. 

3. Simple in design... few moving 
parts. 

4. Easy to use and service . 
or no maintenance required. 

5. Flexible in application. 

6. Rugged construction .. . ideal for 
industrial plants, pilot plants, and for 
research and laboratory use... unaf- 
fected by vibration. 


.. little 


Models for every purpose. Dynamas- 
ter electronic instruments are avail- 
able as single-pen, two-pen, and mul- 
tiple-record (up to 24 points) strip 
chart instruments. Round chart in- 
struments are also available with one 
and two pens. 


(And remember the 3-inch-strip- 

chart miniature Dynamaster described 
below.) 
Electric and pneumatic controllers. 
Both strip- and round-chart instru- 
ments come with a wide variety of 
controllers. The following are avail- 
able in a great many forms: 

Electric Control —On-off, propor- 
tional input, 3-position, proportion- 
ing, proportional with automatic re- 
set, and time-program. 

Pneumatic Control—On-off, pro- 
portional, proportional with reset, and 
proportional with reset and derivative. 


*-.M. Reg. U.S. Pat. Off. 


Bristol 
Dynamaster* 


recorder 1 


with 
strip chart. 


This new electric miniature takes on big jobs 


New Bristol Series 
663 miniature Dyna- 
master instruments 
plug into panel space 
of only 5”x5¥%”. But 
they work on the 
same motor-driven 
self-balancing principle as full-sized 
Bristol Dynamaster instruments. This 
proved motor-driven null-balance prin- 
ciple not only gives high accuracy (2 % 
of scale) but insures plenty of torque 
for operating alarm contacts, retrans- 
mitting slide-wires, and electric control 
contacts—features that ordinary galva- 
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nometer-type instruments don’t have. 
Plugs in, too. What's more, the Series 
663 Dynamaster has a true plug-in 
chassis. You can change from an indi- 
cator to a recorder, or vice versa, in 10 
seconds, or plug in spare instruments 
with minimum interruption to record- 
ing or control. 

Ask us for complete data on Series 
663 Dynamaster recorders and indica- 
tors today. As the only manufacturer 
making a complete line of both minia- 
ture and full-size instruments we're in 
unique position to give your instrument 
needs unbiased consideration. 


0 


Keeping tabs on atoms 


This automatic control and information 


center, designed and built by Panellit, 
Inc., for Knolls Atomic Power Labora- 
tory features four Bristol Dynamaster 
instruments (in second row from top). 
Dynamaster recorders and controllers 
are finding wide application in atomic 
energy, as in other industries, where pre- 
cision, accuracy and reliability are prime 
requirements. 


Break “thermal barrier’’ 


A Bristol Dynamaster high-speed tem- 
perature recorder transcribes test results 
in the Westinghouse Elevated Tempera- 
ture Structures Test Facility shown here 
during its development. 

The system is designed to test aircraft 
and missile structures under tempera- 
ture conditions simulating flight through 
the air at speeds up to 5000 mph. The 
equipment can produce temperatures of 


2650° F in 13 seconds. Desired tem- 


perature-versus-time programs can be 
simulated with great accuracy. 
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NEWS AND NOTES 


RECORDING INSTRUMENTS FOR THE METAL-WORKING INDUSTRY 


Instruments help turn out 
casting cores at 7 tons/hour 


Engine blocks for Ford and Mercury 
automobiles are cast with strictest atten- 
tion to accuracy and structural quality 
at the Cleveland foundry of the Ford 
Motor Company, Brookpark, Ohio, just 
outside Cleveland. 

Yet these rigorous requirements must 
not impede the smooth flow of the pro- 
duction line. That’s one reason Ford in- 
stalled this battery of Bristol Dynamas- 
ter” instruments. 


Another: In the early days, core bak- 
ing used to be an all-night process. Cores 
were of fine quality, but the output was 
too low for present-day production lines. 
The new core baking method turns out 
top quality cores at the rate of 7 tons 
an hour. Bristol instruments automati- 
cally hold the baking temperature to 
450° + 5°F. And, in emergencies, allow 
faster processing by raising the tempera- 
tures and increasing conveyor speed. 


First oxygen steel plant uses Bristol controls 


Bristol round chart Dynamaster’ instru- 
ments (top) and Bristol Metagraphic minia- 
tures (center row) play a big part in controlling 
oxygen steel-making at Dominion Foundries & 
Steel, Lid. 
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When Dominion Foundries & Steel, Ltd. 
(Dofasco), at Hamilton, Ontario, first in- 
troduced this method of steel-making to the 
North American Continent, they chose Bris- 
tol instruments and controls (above) to 
supervise the most critical steps in the 
process. 

These include oxygen pressure and flow 
(current rate and total), lance position, 
lance cooling water temperature, flow, and 
pressure as well as various other tempera- 
tures. 

The big advantage of oxygen steel-mak- 
ing is the lower original investment in 
equipment. Only about 50% of the equip- 
ment costs of competitive processes is re- 
quired and operating costs are no higher, 
with equal or better product. 


Furnace, oven, dryer— 
Bristol controls them all 


Whatever your industrial heating applica- 
tion, you can find a Bristol instrument or 
instrument system to provide precision in- 
dication, recording or automatic control 
The following instruments, in almost in- 
numerable variations, are typical of the 
truly complete Bristol instrument line. 


Bristol's Dynamaster* Potentiometer 
Pyrometers come in round or strip chart 
models, provide electronic recording, indica 
tion, and electric or pneumatic control, including 
high-low contact, proportional, time-program 
and many combinations. The outstanding in- 
strument for maximum precision. 


Bristol Millivoitmeter 
Pyrometers. Both in- 
dicating and controlling 
models available. Con- 
trolling models utilize 
unique Bristol Free- 
Vane* principle that 
completely eliminates 
relay “chatter” or “flut- 
ter.” High-low contact 
and proportional mod- 
els available in a wide 
variety of combina- 
tions. 


Bristol Miniature Instruments — Bristol is the 

only company offering a complete line of in- 

struments in both miniature 

and full-size for all record- 

ing, indicating and control 

applications, both electronic 

and pneumatic. True plug-in 

construction. Ideal where 

panel space must be con- ; 

served. 
*T. M. REG. U. 8. PAT. OFF 


Write for complete data on Bristol 
instruments for your furnace, oven, 
dryer or kiln. And remember, Bristol 
makes a complete line of thermo- 
couples and pyrometric accessories. 
The Bristol Company, 106 Bristol 
Road, Waterbury 20, Conn. 


RISTOL 


AUTOMATIC CONTROLLING, RECORDING 
AND TELEMETERING INSTRUMENTS 
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Problem-Solving Products from Republic 


Increase Strength/ Weight Ratios, Cut Costs, 
Save Weight, Maintain Dimensional Stability 


Part of Rohr Aircraft's heat treating facilities where alloy steel flap 
tracks are put through a four-step cycle: (1) austenitizing, (2) mar- 
quench, (3) oil quench, (4) hot water rinse. S e maintai 


q 


required dimensional stability. 


ALLOY STEEL MEETS HIGH STRENGTH, PRECI- 
SION REQUIREMENTS IN USAF BOMBERS. Steel 
weldments produced by Rohr Aircraft Corporation, 
Chula Vista, California, are an excellent example of 
the aircraft industry's constant effort to develop better 
and more economical methods of mass-producing 
large, high-strength structural aircraft components. 

Rohr is currently using this weldment technique in 
manufacturing flap tracks for an Air Force bomber. 
The flap tracks are fabricated from AMS 6428 Alloy 
Steel, a type supplied by Republic. This fine steel 
provides a minimum tensile strength of 180,000 
psi in the heat treated condition. Uniform response 
to heat treatment assures exceptionally good deep 
hardening characteristics— plus hard, wear-resistant 
surfaces. 


The exceptionally high strength-to-weight ratio of 
Republic Alloy Steel combined with the highest 
strength values permits the design of thinner, lighter 
track sections to save weight and hold down size with- 
out sacrifice of strength or safety. 

Rohr’s development of specialized tooling, welding, 
and heat treating techniques permits the production 
of these alloy steel weldments to close tolerances— 
a rigid aircraft engineering requirement. Costs are 
reduced by eliminating the need for expensive equip- 
ment and excess stock removal. 

Specify Republic Alloy Steel for your parts that must 
be tough, strong, dependable. Our metallurgists are 
always available to help you in selection and proc- 
essing. The coupon is your invitation to use this 
obligation-free service. 
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REPUBLIC STAINLESS STEEL, Type 302, cuts costs, saves weight, resists 
corrosion in jet aircraft storage battery cases made by Sonotone 
Corporation, Elmsford, New York. Stoinless steel's exceptionally high 
strength-to-weight ratio and ability to withstand impact and vibration 
permits the use of a lighter gage, thus saving weight. Sonotone 
reports the metal's outstanding corrosion-resistance eliminates the 
need for painting the cases with no detrimental effect on service or 
appearance. Republic Stainless Steel also resists the wide extremes 
of temperature and atmosphere through which the batteries must 
operate. Mail the coupon for more facts on Republic ENDURO” 
Stainless Steel. 


REPUBLIC IRON POWDERS with Controlled Dimensional Factor give your ports 
predictable dimensional characteristics after sintering. CDF meons that in the 
presence of copper, Republic Powder — depending on type—can be made 
to grow, shrink, or remain stable within acceptable tolerance limits. Tool engi- 
neers can design tools to part-print dimensions with the assurance that tolerances, 
transverse to the direction of pressing, can be held within + .001 inches per inch. 
Fabricators can produce consistently uniform sinterings ot foster rates and ot 
minimum cost. Republic Booklet Adv-763 contains complete details. Send coupon 
for your copy. 


REPUBLIC TITANIUM ALLOYS ore used for weight soving and elevated tempera- 
ture applications in the B-58 Hustler. The supersonic bomber is built for the Air 
Force by Convair, a division of General Dynamics Corporation, Fort Worth, 
Texas. These particular titanium alloys have minimum tensile strength of 130,000 
psi and a minimum yield strength of 120,000 psi. Among the strongest alloys now 
being produced, they meet the demand for high strength to resist the effects of 
cerodynamic heating in supersonic aircraft, such os the B-58. Republic metal- 
lurgists and engineers, pioneers in the development of high strength-to-weight 
metals, are ready to help you apply titanium to your product or process. 


REPUBLIC 
STEEL 


Woldd Widest Range 
Standard. Steels and 
Stack Producla 
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REPUBLIC STEEL CORPORATION 
DEPT.MP-5531 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 
Have a metallurgist call. 
0 Alloy O Stainless Steel 
Olron Powder O Titanium 
Send more information on these Republic products: 
0D Alloy Steel 0 Stainless Steel 
Olron Powder O Titanium 


Name Title 


Company 
Address 


City Zone State 
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CUT 


NON-FERROUS 
ANNEALING TIME 


R-S Single Stack* Annealing... 
Faster Heating, Automatic Airflow 
Reversal... Uniform Heating 


Designed for faster heating and cooling with 
forced convection and automatic airflow re- 
versal—allows absolute uniformity of heat- 
ing with no sections on coils. 

Lightweight, insulated, one-piece cover. 
Permanent fuel-air connections. Annealing of 
copper, brass and bronze strip and wire ac- 
complished in only %4 of time required for 
conventional ling. Only one seal to 
maintain with one cover to handle. Factory 
assembled unit with true portability. 

Write for details on strip and wire 
annealing. 


R-S FURNACE CO., INC. 


NORTH WALES, PA. 
*Patent Pending 


FURNACES 


Columbium . . . 


Ta and W, and up to 5 at.% Si, 
resulted in negligible improvement 
in contamination resistance. 
Following the weight-gain meas- 
urements, X-ray diffraction studies 
were conducted on the oxide scales 
removed from the most promising 
oxidation resistant alloys tested at 
10009 C, (1830° F.). The data in- 
dicate that most of the alloys formed 
either the M-type or H-type (stable 
above 1100°C.) Cb.O,;. The low- 
titanium alloys, all of the vanadium 
alloys, and the 10 at.% chromium 
alloys have oxides with new crystal 
structures similar to M and H-type 
Cb,O,, but with greater symmetry 
This infers that a mixed oxide may 
be occurring in the majority of the 
less oxidation resistant alloys. The 
most promising alloys, 15 at.% Cr, 
5 at.% Mo, 25 at.% Ti, and 10 at. 
% V all show M and H-type Cb.O,, 
with the exception of the latter. The 
improvement in the oxidation resist- 
ance of columbium is apparently 
consistent with the presence of an 
alloying element which will substi- 
tute for columbium in the outer 
scale, which retains the Cb.O, struc- 
ture. R. T. Beciey 


Yielding of Mild Steel 


Digest of “Effect of Grain 
Size and Carbon Content on 
the Yield Delay-Time of Mild 
Steel”, by J. M. Krafft and A. 
M. Sullivan, @ Preprint No. 65, 
1958. 


and theoretical in- 

vestigations are rapidly increas- 
ing our knowledge of the unusual 
mechanical 
mild steel. 


behavior of iron and 
Rapid loading to a con- 
stant stress level is an informative 
though not widely used method of 
experimentally studying the yield- 
ing of mild steel. The present work 
is an attempt to relate the behavior 
of steel under rapid loading to struc- 
tural features of the steel, particu- 
larly ferrite grain size and carbon 
content. 

A modified Hopkinson bar appa- 
ratus is used to load small cylindri- 
cal steel specimens in compression, 
Oscillograph recording of the stress 
shows that a chosen constant stress 
is reached in about 5 microsec. and 
is held constant for 570 microsec. 
At appropriate stress levels, yielding 


FROM FERROUS METALS 
with fast-acting 


 AHCO 
Compounds 


Whatever your removal problem, it 
will pay you to check Ahco's com- 
plete line of tested and proven com- 
pounds. Included are both acid and 
alkaline materials for soak tank, elec- 
trolytic tank, and tumbling opero- 
tions. Three of the most popular are... 


FREE bulletins describing these and 
many more AHCO Compounds are now 
available . . . write for your copies to 


APOTHECARIES HALL CO. 


DIVISION OF 


THE HUBBARD-HALL 
CHEMICAL COMPANY 


WATERBURY, CONN. 
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Ace = 
A powerful, non-toxic alkaline 
compound, Deruster No. 
24 11 will not ottock ferrous 
metal. ideal in electrolytic 
soak tanks. 
AHCO Deruster Wo. lit 
ae A non-ferrous alkaline 
pound for use i” rumbling 
borrels, Ahco Deruster No. 
11-£ produces clean bright 
AHCO Descaler A q 
A new, economicol dry acid 
material, Descaler A is 
ideo! for in mony acid 
Hall 
\ 


Steel 


DIVISION OF 
COPPERWELD STEEL COMPANY 
CARNEGIE, PENNSYLVANIA 


Automotive Trim 


opens the door to sales 


The magnetic appeal of solid stainless steel is 
stronger than ever for today’s careful car buyers. 
It starts with inviting brilliance . . . keeps pulling 
with the promise of carefree enjoyment .. . 
clinches matters with the time-proved ability of 
stainless to keep new-looking to trade-in day. 
@ Build sales with Superior Stainless ! 
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These three single-screw 150,000-lb. 
B-L-H SR-4" testing machines are 
part of the static testing laboratories 
of The Martin Co., Baltimore, Md. The 
machines apply tension, compression 
or alternating load. They feature 
easily controlled constant or variable 
head speeds, and cycling for load 
and strain. Supplementary equipment 
(transducers, strain gages, etc.) can 
be plugged in at the control panel. 


Martin labs use B-L-H equipment in 
6-year program of fatigue, static, creep tests 


As part of the preplanning on an enormous testing 
program to support design work on aircraft and mis- 
siles, The Martin Co., of Baltimore, Md., outlined its 
extensive requirements to B-L-H. Because exhaustive 
testing is a vital part of the aircraft industry, the equip- 
ment used must be versatile, accurate and durable. 
Tests are both static and dynamic and include tension, 
compression, flexure, creep and fatigue. 


Equipped with 28 B-L-H testing machines in the static 
and fatigue laboratories of its Baltimore plant alone, 
The Martin Co. has just completed a massive 6-year 
testing program successfully. Its B-L-H fatigue machines 
have operated constantly, day and night, 7 days per 


week for 6 years, requiring no maintenance except 
lubrication. With B-L-H creep testers in conjunction 
with a photographic measuring process originated at 
Martin, creep deformation is read to a sensitivity of 
.00001 in. And the SR-4 testing machines (shown above) 
duplicate on test components the entire strain history of 
an aircraft. They can also hold constant loads and they 
have eliminated the need for three shifts of operators 
working for 3 days to supervise 72-hour tests. 

Whatever your testing requirement... compression, ten- 


sion, creep, fatigue, impact or torsion ... see B-L-H first. 
Or write 2-J and ask to have a B-L-H man call on you. 


BALDWIN : LIMA: HAMILTON 


Blectronics & Instrumentation Division 


Waltham, Mass. 


SR-4® Strain Gages Transducers Testing Machines 
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When you want ALUMINUM SHEET... 


uP TO 


ERED 
TIME 


SPECIFICATIONS 


ALL REVERE! 


You can be sure, when you specify or order from Revere, 
that you will get not only fine metal but fine service, includ- 
ing Revere’s cost-saving Technical Advisory Service if 
desired. Revere—now an integrated producer of aluminum 
—can supply you from large modern sheet mills in Baltimore, 
Md., and Chicago, 

In addition to aluminum coiled and flat sheet, circles 
and blanks, both plain and embossed, Revere can furnish 
aluminum seamless drawn, welded and extruded tube; 
extruded shapes; forgings; foil; and primary aluminum 
pig and ingot. 


It pays to do business with the most dependable sources 
of supply—such as Revere, which has been fabricating 
fine non-ferrous metals for more than 150 years. 


Revere Aluminum Coiled and Flat Sheet 
up to 48” wide and up to .125” thick 
Alloys 


3003 
3004 


5005 
5050 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 
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What | They Are 
How | They Get There 
How | You Get Rid of Them 


Prof. R. Weck of Cambridge Uni- 
versity and Director of the British 
Welding Research Association, will 
be brought to America this October 
to deliver seven important lectures 
on residual stresses. Coupled with 
these outstanding lectures will be 
seven discussion periods by 14 
American experts. 


This Seminar will be held during 
the latter part of Metal Show Week 


October 30, 31 and November I, 1958 


Registration Fee: Including outline notebook, complete 
transcript of proceedings, lunches and dinners for three days, 
$150.00. (Early registration with $25 deposit suggested.) 


Place: Wade Park Manor, Cleveland 


| 
| American Society for Metals | 
7301 Euclid Avenue 

| 
Cleveland 3, Ohio 
| Residual Stresses Seminar 
Enroll me in this ASM Seminar. 
| {| Attached is check for $25 to apply on $150 Registration Fee | 
oR 
| Bill my company for the entire fee. | 
Reserve a single [| | or twin bedroom | | at Wade Park Manor 
| for arrival (date) | 
| | 
| Name | 
| | 
| Street City & State 
| 


Yielding of Steel. . . 


takes place after a certain time in- 
terval called the delay-time. As 
yielding occurs, the stress supported 
by the specimen drops sharply to 
a lower value, called the flow stress, 
which corresponds to the lower yield 
stress at the strain rate inherent in 
this type of test (which is very 
large). The materials investigated 
included killed steels of 0.01, 0.11, 
0.22 and 0.33% C, two ship steels 
(one semikilled and the other 
killed), and a quantity of the 0.17% 
carbon steel used previously by 
Clark and Wood in their investiga- 
tions of the behavior of steel under 
dynamic loading. A series of tests 
on this steel has confirmed and ex 
tended the results of Clark and 
Wood, and at the same time has 
shown the validity of the present 
testing procedure. 

The microstructures of the ship 
steels were varied by systematic 
heat treatments. The parameters 
used to describe the structures ob 
tained were the ferrite grain size 
the ferrite path between patches of 
pearlite, and the pearlite patch size 
For a constant yield delay-time, the 
stress required to cause yielding was 
lower for the coarser-grained steels 
This result is consistent with the 
general tendency of slow speed yield 
strength values to decrease with in 
creasing grain size. The flow stress 
values at a given strain rate cor 
related well with either the ferrite 
grain size or the ferrite path between 
pearlite patches, in accord with sev 
eral investigations of the effect of 
grain size on the lower yield stress 
However, in the instance of the 
stress supported prior to yielding 
which is associated with the upper 
yield stress, significantly better 
correlation exists with pearlite pate h 
size than with the other microstruc 
tural parameters. Increased sup 
ported stress accompanies decreased 
pearlite patch size. Such a correla 
tion would be difficult to prove or 
disprove in ordinary testing because 
other factors, particularly stress con 
centrations, affect the value of the 
upper yield stress. 

The behavior of the steels from 
0.01 to 0.33% C was investigated at 
temperature intervals in the range 

69 to 123°C. (—92 to 254° F.). 
The steels have Charpy transition 
temperatures in this range, and the 
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When this door comes down... 
so does your blast cleaning cost! 


Abrasive-tight door on Rotoblast Barrel slashes “lost abrasive” costs 


Pangb Rotoblas! Barrel 
for efficient batch cleaning. 
Available in 12, 3, 6, 12, 
18, 20, 32, 72 and 102 
cubic foot sizes. 


Look at it. That door on the Pangborn 
Rotoblast Barrel is engineered to prevent 
waste. Heavy steel plates ...an exclusive 
arrangement that permits raising the door 
for easy maintenance . . . clamp-closing to 
make it really abrasive-tight! As a result, 
here is another way that Pangborn Rotoblast 
Barrels save you money. 

This door is just one of the many benefits 
built into Rotoblast Barrels. Efficient Roto- 
blast operation, for example. Automatic 


Clean it fast with 


control. Ease of maintenance. Plus specific 
construction features that all add up to better 
cleaning in Jess time for lowest cost per ton. 


The Pangborn Engineer in your area will 

be glad to take off bis coat and go to work ro) 
on your cleaning problem at no obligation. y] 
And for complete information on Rotoblast 
Barrels, write to: Pangborn Corp., 1800 
Pangborn Blod., Hagerstown, Md. Manu- 
facturers of Blast Cleaning & Dust Control 
Equipment. 


nqborn 


ROTOBLAST 
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SPECIALIZED WELDED FABRICATIONS 


OUR EXPERIENCED 
FIELD SERVICE ENGINEERS 
EXPEDITE YOUR “SPECIALS” 


Rolock experts in welded alloy fabrication are ready to go anywhere at any time to aid 
in designing p t to meet special service requirements. Rolock service is based on a 
well-rounded coordination of experienced design and supervisory engineering, extensive 
modern manufacturing facilities, inspection and test equipment. 


Alternatively, send us an outline of your requirements for our recommendations or for 
quotations to your specifications. 


Special INCONEL High 
Temperature Vacuum 

Retort approximately 2 ft. 
in diameter by 8 ft. high. 


VACUUM 
RETORTS 


We hove the facilities and experienced personnel 
to handle your requirements in special vacuum 
retorts welded-fabricated from Nickel, Inconel, or 
other special alloys. Rolock assures experienced 
engineering supervision and production in a 
modern plant fully equipped for inspection and 
testing os well as fabrication. 


FABRICATED ALLOY 
HIGH VACUUM 
FURNACE BELLS AND BASES 


Ilustration shows one of many 
special large fabrications typical 
of this type of equipment made 
by Rolock. This bell is of %” In- 
conel and, together with its base, 
incorporates a number of unusual 
features. Rolock is equipped to 
build and test such equipment to 
customer's exact specifications. 


WELDED-FABRICATED 

INCONEL 
SPECIAL TUBING 
AND FLANGES 


Wustrated are typical special tubing 
and flange forms fabricated by Rolock 
to customer's specifications. Special 
equipment and skills required for this 
type of work are available at Rolock, 
together with engineering assistance 
when required. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 
antous INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better work 


Easier Operation, Lower Cost 


Yielding of Steel 


connection between rapid loading 
and tendency to brittle failure 
prompted the study of the steels over 
this range. Both the supported 
stress values and the flow stress val- 
ues increased with increasing carbon 
content and with decreasing testing 
temperature. (The behavior of the 
lowest carbon steel is quite similar 
to that of one of the ship steels in 
this test, even though these steels 
exhibit marked differences in transi- 
tion temperature.) A smooth curve 
of supported stress versus tempera- 
ture is best obtained when the sup- 
ported stress values are adjusted to 
constant pearlite patch size. The 
shape of the curve so obtained is 
similar to a published curve of the 
lower yield stress as a function of 
carbon content. 

The use of a rapid loading tech- 
nique of testing has enabled the 
authors to show the importance of 
microstructural parameters, particu- 
larly the amount of pearlite present 
and its distribution, in the yielding 
behavior of a range of mild stels. 

D. A. THomMas 


Rate Process Theory 
for Heat Treatment 
of Titanium 


Digest of “The Application 
of Rate Process Theory to the 
Heat Treatment of Titanium 
Alloys”, by N. M. Erkun, @ 
Preprint No. 90, 1958. 


HE DEVELOPMENT and use of heat 

treated titanium alloys in crit- 
ical applications requires extensive 
knowledge of the properties result- 
ing from various heat treatments. 
A method of plotting heat treating 
data to permit the more effective 
estimation of the aging conditions 
and obtain desired mechanical prop- 
erties was developed, and, inciden- 
tally, the number of tests needed to 
evaluate heat treated properties was 
reduced. Only properties resulting 
from overaging were considered. 

Aging curves were established 
by plotting mechanical properties 
against time of aging. The overaged 
portions of these curves were se- 
lected, and, since overaging is pre- 
sumably diffusion-dependent, it was 
possible to apply the familiar rate 
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The intricate parts, shown at the left, 
were produced to precision standards 
and with uniform density on the new 
Watson-Stillman powdered-metal press. 
Combining high productivity with 
operational simplicity, the press has a 
capacity of 125 tons and a die-fill range 


of 0 to 6” maximum. 


you can produce complex parts quickly and accurately on 


NEW W-S POWDERED-METAL PRESS 


OCTOBER 1958 


Sequence operated by cam-actuated 
limit switches and relays, there is one 
pressing motion from the top, one press- 
ing and one ejection motion from the 
bottom. During the pressing stroke, 


both upper and lower cylinders work to 
positive stops so that a given compres- 
sion ratio for any particular powder is 
maintained, accurately controlling the 
density of the molded part. 

For parts requiring the full 6” die fill, 
approximately 12 complete cycles are 
made per minute. Approximately 18 
cycles can be completed per minute for 
parts that only require a 3” fill. An 
important feature of the press is the ease 
and rapidity of die change. 

Write for your FREE copy of bulletin 
380-A, which describes this new press 
in detail. 


WATSON-STILLMAN PRESS DIVISION 
FARREL-BIRMINGHAM COMPANY, INC. 
565 Blossom Road, Rochester 10, New York 


Plants: Ansonia and Derby, Conn., Buffalo and 
Rochester, N. Y. 
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Q 
2.3K 
log A, and t is the time, 


Rate Process Theory and T (C + log t) 


where C 


process equation to the plotting and 
prediction of the 


relationships be- By plotting log t versus T for a 


tween mechanical properties and constant property, the slope equals 
aging times and temperatures, at a ) : 
| constant solution treatment. 3 and both Q and C can be 
The rate equation is: 
Rate = Ae~ Four 120 AV (90 Ti, 6 Al, 4V) 
Where A is a constant, Q is the and three C 135 AMo (89 Ti, 7 Al, 
activation energy for the process, R $ Mo) heats were used in the inves- 
a: is the gas constant, and T the abso- tigation. All specimen blanks were 
E lute temperature. This can be re- annealed, solution treated (C 120 A\ 
duced to: at 1700° F., 135 AMo at 1750" F.) 
C Q — then aged over a range of times and 
; 2.3 RT S temperatures. The mechanical prop- 
. (for a constant property ) erties were determined, the data 


} THE METAL INDUSTRY 
1S SWITCHING TO 
AIRLESS* SPRAY PAINTING 


* Spray Painting Without Air 


4 BECAUSE IT CAN 
; Achieve as high as 50% paint saving 


e 
@ Reduce labor cost from 30 to 80% 
@ Decrease booth maintenance 

@ Reduce health and fire Lazards 


SEE AIRLESS SPRAY PAINTING ON DEMONSTRATION AT THE 
NATIONAL METAL EXPOSITION — CLEVELAND, OHIO — OCT. 27-31 


BOOTH NO. 1219 


NORDSO CORPORATION 
AMHERST, | YUKON 8.4473 


te Canede: Ave., Toronto, Ontario 


plotted, and values of Q and C for 
both alloys at different 
levels determined. 


strength 
Ty pr al vy alues 
were: 


Q Kcal 
ALLOY Psi 
C120 AV 150,000 69 5 
C 120 AV 155,000 6) 14 
C135 185,000 21.3 
( 5 AMo 190.000 79 18.5 


For convenience in establishing the 
aging parameter, T(C + log t) 
plots, C was taken to be 15 for 
C120 AV and 20 for C 135 AMo 
alloy. Using these values and the 
aging data obtained experimentally 
plots were constructed relating ulti- 
offset 
vield strength, per cent elongation 


mate tensile strength, 0.2% 
per cent reduction of area, Rock 
well C hardness, and an 
Charpy impact values to the aging 
parameters of eac h alloy at constant 


solution temperature, time and bar 


size, for each heat considered. 
Scatter bands were drawn on each 
plot. The applicability of the data 
is limited to fine equiaxed, alpha- 
plus-beta (peppery ) microstructures 
resulting from alpha-beta rolling or 
forging of these alloys. 

These aging parameter plots give 
minimum, maximum and range of 
heat treated properties resulting 
from any overaging treatment, and 
permit the selection of an aging 
treatment to obtain a given level of 
mechanical properties, as well as 
the selection of alternate equivalent 
aging treatments, involving different 
aging temperatures or times, to pro- 
duce similar mechanical property 


combinations. 
E. C, Miter 
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‘measurement of security 
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A 
‘4 
cannot be made solely with a steel tape. Radi- 
ography can help you get down deep, to pene; 
_ trate where sight and touch can’t go. Radi- a ; 
- ography can detect the flaw of a centerline 
bead crack... can sound the alarm against “A 
‘ation or lack of fusion. And radiography 
Ansco’s superior separation of tonal values 
quickly, recorded more strikingly with Hy. 
Superay “A''—fast, fine grain film for most 
problems using either highoriow 
somewhat slower in speed to record 7 
Ask for Ansco Films the next time { 
you order and see the difference! Ansco, Hi: 
Industrial X-Ray 4 
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HARRIS 
HELPS... 


ASSURE DIMENSIONAL 
STABILITY OF TOOLS 
AND GAGES 


Ernest U. Day, Foreman of Hoover's 
Tool Department, applauds the per- 
formance of their Harris 6 cu. ft. 
heavy-duty chilling machine for 
achieving ‘‘more accuracy and more 
stability”, the two prime objectives 
of tool and gage fabrication. 


A Harris Chilling Machine dur- 
ing the past two years has solved 
the serious problem of achieving 
dimensional stability in steels for 
gages in the Tool Department of 
the famous Hoover Company, 
North Canton, Ohio, leading 
manufacturer of vacuum cleaners. 
Chilling has also proved a quicker 
and more positive method for 
shrink-fits on die assemblies. 

Super-chilling at —130° to —150° 
F and tempering will achieve 
100% transformation of austenite 
to martensite in water and oil- 
hardening steels, ideally suited for 
gages but slightly sluggish to aus- 
tenitic decomposition. 

A super-chill also increases 
Rockwell hardness by several 
points in high-carbon, high-chrome 
steels, needed for dies but also 
sluggish in transformation. 


LEARN HOW CHILLING CAN IMPROVE 
YOUR TOOLS AND PRODUCTS... AT 
LESS COST. WRITE TODAY OR SUBMIT 
SAMPLE PARTS FOR TEST PROCESSING. 
NO OBLIGATION. 


REFRIGERATION CO. 
308 River St., Cambridge 39, Mass. 


Speciolists in refrigeration engineering, 
monvtacturing, and service since 1934. 


Brittle Fracture 
of Titanium Alloys 


Digest of “The Effect of 
Composition on the Hydrogen 
Embrittlement of Alpha-Beta 
Titanium Alloys”, by R. I. 
Jaffee and D. N. Williams, @ 
Preprint No. 98, 1958. 


of hydrogen in pro- 
moting brittle fracture in alpha- 
beta titanium alloys is a function of 
alloy content, ratio of amount of 
alpha to beta phases, the distribu- 
tion of the beta phase, and the rate 
of straining. Hydrogen dissolved in 
beta is the source of hydrogen for 
slow-strain embrittlement because 
most of the hydrogen partitions to 
beta; room-temperature alpha solu- 
bility for hydrogen is very low. 
There is a good correlation between 
the appearance of a third phase 
taken to be a hydride and the hydro- 
gen tolerance for slow-strain em- 
brittlement. Alloys in which a hy- 
dride phase is present at low 
hydrogen contents generally have 
low hydrogen tolerance in impact 
loading. Slow-strain embrittlement 
is generally somewhat less than the 
amount corresponding to the appear- 
ance of hydride in the microstruc- 
ture, whereas impact embrittlement 
is generally accompanied by the 
appearance of the hydride phase. 
This suggests that slow-strain em- 
brittlement results from hydride 
precipitation during straining. 

The hydrogen tolerance increases 
with beta-stabilizing alloying con- 
tent which results in increasing 
amount of beta phase. Molybde- 
num-containing beta is the most re- 
sistant to hydrogen embrittlement. 
Columbium and chromium-contain- 
ing betas are moderately resistant 
whereas vanadium, iron, and man- 
ganese-containing betas exhibit very 
little resistance io embrittlement. 
The presence of 4% or more alumi- 
num, an alpha stabilizer, in addition 
to a beta-stabilizing element in ti- 
tanium, increases the over-all hydro- 
gen solubility and hence the toler- 
ance for hydrogen against slow-strain 
embrittlement of such alloys. Oxy- 
gen decreases hydrogen tolerance of 
alpha-beta titanium alloys. The 
most detrimental microstructure for 
slow-strain embrittlement is one con- 
taining long continuous interfaces 
between alpha and beta phases. 

The alpha-beta alloys susceptible 


to hydrogen embrittlement may be 
classified into the following distinct 
categories: 

1. Alloys with high solubility for 
hydrogen in the beta phase. These 
alloys generally contain a significant 
percentage of molybdenum, the ele- 
ment with the greatest beneficial 
effect on hydrogen solubility in beta. 

2. Alloys with high tolerances for 
hydrogen because of high solubility 
for hydrogen in the alpha phase. 
These are alloys containing 4% or 
more aluminum. Their over-all 
tolerance for hydrogen depends on 
the nature of the beta-stabilizing 
element used in conjunction with 
aluminum. Tin is much less effec- 
tive than aluminum in increasing the 
hydrogen tolerance. 

3. Alloys with low solubility for 
hydrogen which are not susceptible 
to slow-strain embrittlement but 
which are notch-impact embrittled. 
These are illustrated by alloys such 
as Ti-Ta and Ti-2 Fe, where the beta 
phase is globular with no long con- 
tinuous alpha-beta interfaces. 

4. Alloys with relatively low solu- 
bility for hydrogen in both alpha 
and beta, such as Ti-Mn, which are 
susceptible to slow-strain embrittle- 
ment at lower hydrogen contents 
before the appearance of hydride. 

T. E. Leontis 


Hydrogen Tolerance 
of Titanium Alloys 


Digest of “The Effects of 
Microstructure and Heat Treat- 
ment on the Hydrogen Em- 
brittlement of Alpha-Beta Tita- 
nium Alloys”, by D. N. Williams, 
F. R. Schwartzberg and R. I. 
Jaffee, @ Preprint No, 113, 1958. 


20-Ib. ingot was cast of each of 

four alpha-beta titanium alloys, 
92 Ti, 8 Mn; 94 Ti, 2 Mo, 2 Fe, 2 Cr; 
90 Ti, 6 Al, 4 V; and 92 Ti, 4 Al, 
4Mn. Through a series of proces- 
sing steps, %-in. rounds were fabri- 
cated containing hydrogen at levels 
ranging from 20 to 800 ppm. The 
hydrogen content was adjusted by 
hydrogenation or vacuum annealing. 
Various heat treatments were em- 
ployed to vary the alpha grain size 
and shape, and the amount of hydro- 
gen required to induce low strain 
rate embrittlement was determined 
by subjecting the samples to several 
different physical tests: impact, fast 
tensile (0.5 in. per min.), unnotched 
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FIVE MOLY CARBURIZING STEELS 
ACCEPTED AS STANDARD AISI-SAE GRADES 


. 
| 


me 0.20/0.25 | 0.70090 | 0.040 | 0. 20/0. 0.35/0.45 


0.24/0.29 | 0.70/0.90 ; . .20/0. 0.35/0.45 


0.18/0.23 | 0.45/0.65 ; 0.20/0.35 0.45/0.60 


0.16/0.21 | 0.70/0.90 ; ; 0.20/0.35 | 0.90/1.20 | 0.35/0.55 | 0.30/0.40 


0.20/0.25 | 0.75/1.00 . ; 0.20/0.35 | 0.40/0.70 | 0.40/0.60 | 0.30/0.40 


Wide use in automotive transmission 
and differential ring gears and pinions results 
in recognition of Molybdenum’s economical 
contribution to case and core hardening in 
carburizing steels. These economies can be 
useful in most of your carburizing applications. 
Now available through your steel suppliers. 


CLIMAX MOLYBDENUM CoO. 


A DIVISION OF AMERICAN METAL CUI INC. ° ery AVENUE, NEW YORK 36, N. Y. 
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TUNGSTEN 
CARBIDE 
HARD 
FACING 


with the MET 
ThermoSpray Gun 


Now you can apply coatings 
of this extremely hard 
material with the required 
concentration of carbide, to 
any desired thickness, with a 
low-cost installation in your 
own plant, or have it done at 
reasonable cost in a metal- 
lizing job shop. 


Cae 


Photo-micrograph of sprayed 
coating, showing high tungsten 
carbide (dark particles) con- 
centration. Mag. 50x — actual 
size of area shown, approx. 
.040” x .040". (Photo courtesy 
Sam Tour & Co., Inc.) 


These coatings are non-porous, 
homogeneous, have very high 
tensile strength and provide 
excellent wear resistance 
under the most extreme service 
conditions. 


For full details—write, wire or 
phone for Bulletin 139. No obli- 
gation, of course. 


Metallizing Engineering Co., Inc. 
1183 Prospect Ave., Westbury, Long Island, 
New York EDgewood 4-1300 
In Great Britain. Metallizing Equipment Co., 
Ltd., Chobham near Woking, England 


Titanium alloys .. . 


stress-rupture and notched stress- 
rupture tests. Except for one series 
of impact tests performed at 1)" 
F., all testing was done at room tem- 
perature. 

The amount of hydrogen which 
could be tolerated without causing 
embrittlement decreased as the heat 
treatment temperature was lowered, 
as the alpha grain size increased and 
as the grain shape became more 
acicular; the effect of heat treating 
temperature — was the most pro 
nounced. The hydrogen tolerance 
seemed to be independent of the 
strength of the alloy, except insofar 
as strength is varied by different 
final treatment temperatures — the 
lower temperatures developing the 
higher stre ngths but at the same time 
causing lower hydrogen tolerance. 

\ metallographic study was made 
to detect strain-induced hydride. 
The hydride phase was detected in 
the fracture region of aluminum-free 
alloys at hydrogen contents about 
100 ppm. higher than the hydrogen 


content necessary to induce low 
strain rate embrittlement. In the 
case of the 94 Ti, 2 Mo, 2 Fe; 2) 
alloy the hydride phase was detected 
at a hydrogen level as low as 
100 ppm. The aluminum-containing 
alloys rarely were embrittled 
showed strain-induced hydride at 
hydrogen contents less than S00 
ppm. 

The hydrogen tolerance ot the 
four alloys examined decreased in 
the order 90 Ti, 6 Al, 4 V; 92 Ti . 
4 Al, 4 Mn; 92 Ti, 8 Mn; and 94 Ti 
2 Mo, 2 Fe, 2 Cr. 

Because a low final heat treating 
temperature results in a low hydro ‘ 
gen tolerance, the authors offer these 
words of caution: “It would ippear 
that the hydrogen tolerance of allovs 
to be used whe tN prolonged exposure 
to elevated temperature is likely 


| 
should be examined after exposure 


to the service te ripe rature, since the 


tolerance after exposure at 600) to 


SOO” F. mav be appreciably lower 
than that observed in the alloy after 
stabilizing at 1100° F., or even after 
aging at 900° F.’ 

W. R. Opn 


THE MOST FOR YOUR 
“ROCKWELL TESTING” 
DOLLAR! 


CLARK INSTRUMENT, INC. 


The Clark Hardness Tester 
is precision built to give 
guaranteed precision results. 
Thousands of Clarks, with 
years of service all over the 
world, attest to this. 

The surprisingly low price 
includes the precision Clark 
Diamond Cone Penetrator, 
as well as Steel Ball Pene- 
trators, a wide assortment of 
Anvils, Test Blocks, and 
other accessories. Available 
in two models, for Standard 
and Superficial “Rockwell” 
hardness testing, each with 
choice of 4”, 8”, 12”, or 
16” work capacity. 

Before you invest in any 
hardness tester, get the facts 
about the low price, speedy 
delivery, and guaranteed accu- 


racy of the Clark. Write today. 


10202 FORD ROAD 
DEARBORN, MICH., U.S.A. 
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_is the name and the place 


laboratory 


\ 


We have placed a lot of earnest dollars on the line to develop outstanding laboratory facili- 
ties. This investment has been deliberate, because we have a reputation for top-quality, 
uniform metallic abrasives, and we want to maintain it! 


Out of these facilities have come consistently rigid production standards which meet our 
own, as well as SAE, specifications. Also out of these facilities have come our two latest new 
products ... A" shot and grit, a controlled analysis chilled iron having extremely long life; 
and Pearlitic Malleable shot and grit. 


These two new metallic abrasives, combined with our regular line of Persuasive Abra- 
sives, give you a complete range and availability of product to fit your cleaning or peening 
requirements. 


Paletized, banded, covered .. . any way you wish. 


Write for our catalog or call in our nearest representative to discuss the Cleveland line further. 


World's Largest Producer Cc EV E LA N D C0. 


of Metallic Abrasives General Office: 888 East 67th Street * Cleveland 8, Ohio 
Plants at: Howell, Michigan; Toledo; Cleveland; Northfield, Ohic 
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Heat Treatment of Ti 
for Stress Stability 
at High Temperature 


Digest of “The Effect of Heat 
Treatment on the Elevated- 
Temperature Stress-Stability of 
Titanium Alloys”, by M. L. 
Greenlee, G. A. Lenning, W. M. 
Parris and H. D. Kessler, © 
Preprint No. 94, 1958. 


T= EFFECT of heat treatment on 

the elevated-temperature stress 
stability of three titanium alloys is 
reported. The alloys considered are 
Ti-140 A (2Fe, 2Cr, 2Mo), Ti- 


155 A (5 Al, 1.5 Fe, 1.5 Cr, 1.5 Mo) 
Ti-6 Al-4 V. Two solution 
temperatures and nine aging condi- 
tions resulted in 18 different heat 
treatments for each alloy. The var- 
ious temperature-time combinations 
studied are shown below: 


SOLUTION TEMP. 


ALLOY OF, 
Ti-140 A 1400 to 1480 
Ti-I55A 1600 to 1700 


Ti-6 Al-4 V 1550 to 1750 
All alloys were aged at 900, 1000 
and 1100° F. for periods of 2, 8 
and 24 hr. 

Mechanical properties determined 
were: tensile properties from room 


more CUTTING 


How Can Any Hack Saw 


MARVEL Reciprocating Crank Lever Action, pro- 
viding quick return of the saw frame on the non- 
cutting stroke produces 335%, more cutting strokes 
per minute than ordinary saws without increasing 
the peak blade velocity on the cutting stroke. Re- 
sult: faster cutting-off without damage to the blade. 
With far greater feed p: t tically avail- 
able, plus more cutting strokes per minute, is it any 
wonder that MARVEL Series 6 and 9 Hack Saws 
will give you faster, accurate cutting-off every time? 


4 TER EFFECTIVE 
ORETTED PRESSURE 


MARVEL Series 6, 6A, 9 and 
9A Hack Saws are capable of 
automatically applying more 
than twice the feed pressure 
required for most hack saw- 
ing jobs. This means that 
MARVEL Saws can utilize the 
full strength and heat resist- 
ance of the modern composite 
hack saw blade which is designed to 
cut most efficiently under heavier feed 
pressures. MARVEL Dual Power Feed 
forces the blade to cut as deeply as possi- 
ble and practical on every stroke—to 
cut-off the work in the fewest possible 
strokes by automatically adjusting 
the feed pressure in relation to the 
changing work resistance 


ARMSTRONG-BLUM MFG. CO. 


5700 BLOOMINGOALE AVE © CHICAGO 39, ILLINOIS 


temperature to 1000° F.; impact 
resistance (Charpy V-notch) from 
room temperature to 700° F.; notch 
tensile tests -at room temperature; 
and stress stability tests. The stress 
stability tests consisted of exposure 
in a creep test at 550, 650, 750 and 
850° F. for 500 hr. at stresses chosen 
to produce plastic deformation which 
varied from 0.1 to 2% in the 500-hr. 
tests. Six conditions of heat treat- 
ment were evaluated for stress 
stability. After the creep test, the 
specimens were tensile tested at 
room temperature to study changes 
that occur due to overaging, beta 
embrittlement by omega phase for- 
mation, or surface embrittlement. 
Heat treating the Ti-140 A and 
the Ti-155A alloy resulted in a 
marked improvement in high-tem- 
perature tensile properties. The Ti- 
6 Al-4V alloy did not exhibit as 
dramatic a response to heat treat- 
ment although strength increases 
(25,000 psi.) were obtained with 
a 1750°F. solution temperature. 
All three alloys maintained im- 
pact resistance above 10 ft-lb. at 
room temperature up to an ultimate 
tensile strength level of 180,000 to 
190,000 psi. At room temperature, 
the ratio of notched to unnotched 
ultimate tensile strength dropped 
gradually from an average of about 
1.55 for the three alloys in the an- 
nealed condition to 1.0 at an ul- 
timate tensile strength level of 
200,000 psi. This compares favor- 
ably with steels on a_ strength- 
weight basis. It is impossible to 
make a generalized statement re- 
garding the effect of heat treatment 
on stress stability, since the variables 
of solution temperature and _ time, 
aging temperature and time, testing 
or service temperature and time, 
and stress level all can affect the 
stability of the structure. How- 
ever, the general trends evident 
from this paper show that stability 
decreases as the aging temperature 
and time are decreased. It usually 
follows, therefore, that stability is 
decreased as the heat treated 
strength level is increased. The Ti- 
6 Al-4 V alloy was stable (showed 
negligible decrease in ductility or 
strength) under all conditions tested. 
The Ti-155A alloy evidenced in- 
stability after several conditions of 
heat treatment. Varying the solu- 
tion-treating temperature had no 
effect on the stability of Ti-6 Al- 
4V or Ti-155A alloys. The Ti- 
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THE YOUNGSTOWN WELDING and ENGI- 
NEERING COMPANY has com- 
plete facilities for fabricating, weld- 
ing, and machining Stainless Steel, 

Monel, Nickel, Titanium, and many other alloys. 

We are equipped to fabricate these materials 

in thicknesses through |”. Let us know your re- 

quirements; we will be glad to work with you on 


any alloy project—large or small—for metal- 


working, chemical, paper, and pulp plants. 


Fabricated Pipe Detail— 
4," O.D., .125” Wall. 


Sparger Pipes—5” O.D., /g” Wall, with 
Titanium Flanges. 4” Titanium Valve installed in Chemical Plant. 


THE YOUNGSTOWN W WELDING & ENGINEERING COMPANY 
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Heat Treatment... . 


4 


140 A alloy showed decreased stress 
stability after the higher (1480° F.) 
solution-treating temperature when 
aged at 900 or 1000° F. Solution 
treating at 1400°F. resulted in 
slightly lower strength but superior 
stress stability. 

The creep resistance of all three 
alloys was improved by heat treat- 
ment since there was lower plastic 
deformation in the heat treated 
alloys during stress stability testing. 

T. K. Reppen 


Notched-Bar Test 


Digest of “Prediction of Tran- 
sition Temperature in a Notched- 
Bar Impact Test”, by J. A. 
Hendrickson, D. S. Wood and 
D. S. Clark, @ Preprint No. 96, 
1958. 


OTCHED-BAR IMPACT TESTS have 

been employed extensively for 
comparing the susceptibility of fer- 
ritic steels to brittle fracture. Above 
a certain transition 
range, a steel behaves in a ductile 
manner; below this range, it will be- 
have in a brittle manner. Although 
the range is typically .100 to 200° F., 
it is convenient to define a transition 
temperature for a given steel. This 
temperature lies within the transi- 
tion range and is defined as the tem- 
perature at which a specified value 
of energy absorption is required in 
the impact test. 

The information obtained from 
standard Izod notched-bar impact 
tests has been of great value for 
comparing the brittle fracture tend- 
encies of certain steels. 


temperature 


However, 


such tests have not provided quan- 


titative information for use in engi- 
neering design calculation. 

The purpose of the present inves- 
tigation is to predict the transition 
temperature in the Izod test. 

The value of the maximum tensile 


stress increases progressively as the 
applied load increases until a condi- 
tion of instability of the plastically 
deformed region of the specimen is 
reached. Thus, brittle fracture oc- 
curs only if the critical stress for 
fracture initiation is reached prior 
to the onset of the plastic instability. 

The true maximum tensile stress 
within a notched specimen at the 
instant of incipient plastic instability 
is proportional to the yield stress of 


the material. The strong influence 
of temperature upon fracture results 
from the marked variation of the 
upper yield stress with changes in 
temperature. The upper yield stress 
is also influenced, to a smaller de- 
gree, by the rate of stress applica- 
tion. Thus an increase in the rate 
of stress application tends to produce 
brittle fracture, 

To make an analytical prediction 
of the transition temperature, the 
critical local tensile stress for the 
initiation of fracture must be known. 
The upper yield stress of the mate- 
rial, as a function of temperature 
for that rate of stress application 
which pertains to the notched-bar 
test, must also be known. 

Using relaxation methods, the 
stress distribution inside the sample 
was computed. This led to the 
result that the maximum tensile 
stress inside the sample at the instant 
of incipient plastic instability was 
2.41 times the upper yield ‘stress. 
The rate of stress application at the 
notch was then calculated and was 
9 * 10° psi. per sec. Experimental 
work available gave the change in 
the upper yield stress with stress 
rate from about 102 to 107 psi. per 
sec. and temperatures of —200, 
—110 and +75°F. The results 
were extrapolated to stress rates of 
10'" psi. per sec., and the upper 
yield stress for a_ stress rate of 
9 x 10° psi. per sec, was obtained 
for each temperature. 

The ductile-brittle transition oc- 
curs when the maximum tensile 
stress is 210,000 * 10,000 psi., thus, 
at a value of the upper yield stress 
of 87,000 * 4,000 psi. For the con- 
ditions involved, this stress corre- 
sponds to a temperature of 38° F., 
and this should be the transition 
temperature. 

Suitable steel specimens were im- 
pact tested in a standard Izod impact 
testing machine, and the ductile- 
brittle transition occurred in a range 
of from 13 to 57° F., which is in 
surprisingly good agreement with 
the predicted temperature. 

In addition, the elastic-plastic 
boundary was determined by hard- 
ness tests in specimens fractured at 
25 and 50° F. Fracture occurred 
at 25° F. before deformation had 
spread across the section, whereas 
at 50° F. plastic deformation had 
spread completely across the speci- 
men cross section at the notch. 

Derek WALTON 
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Your best move is to UNITRON... 


for a COMPLETE LINE of METALLURGICAL MICROSCOPES! 


UNITRON'S Complete Line of Metallurgical 
Microscopes and Accessories covers the needs 
of Research, Industry and Education. 


Quality optics . . . advanced optical and 
mechanical design . . . unique and convenient 
operational features . . . budget prices .. . 
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Negative Creep in Alloys 


Digest of “The Phenomenon 
of ‘Negative Creep’ in Alloys”, 
by R. W. Fountain and M. Kor- 
chynsky, @ Preprint No. 91, 
1958. 


HE CREEP BEHAVIOR of engineer- 

ing alloys is commonly influenced 
by metallurgical changes which 
occur in service. These structural 
changes are responsible for devia- 
tions from the creep behavior of a 
metallurgically stable alloy, and 
make extrapolations from the results 
of short-time creep tests to longer 


times inexact and impractical. The 
authors of this paper discuss a spe- 
cial instance of structural instability, 
namely, the contraction caused by 
a solid-state reaction which in serv- 
ice at elevated temperatures may 
outweigh the elongation due to the 
applied stress and caused a resultant 
“negative creep”. Under imposed 
constant strain conditions, such con- 
traction may lead to an increase in 
the initially applied stress. The 
authors present experimental results 
illustrating “negative creep” in iron- 
tungsten and nickel-molybdenum 
alloys, and show that the amount 


Our years of experience as spe- 
cialists in Electric Salt Bath 
Heat Treating Equipment can 
contribute to a Positive and 
Profitable solution. 


EVERY JOB CUSTOM 
BUILT AND SERVICED 
TO YOUR SATISFACTION! 


ECTRIC FURNACE COMPANY 


30435 Groesbeck 


Roseville, Michigan 


EFCO-LINDBERG, TORONTO, ONTARIO, CANADA 


ELECTRIC RESISTANCE FURNACE CO., 


LTO., WEYBRIDGE, ENGLAND 


of contraction can be calculated 
from the known phase relationships 
and crystallographic data. 

Measured creep elongation is the 
sum of true plastic deformation and 
length change resulting from struc- 
tural instability. The rate at which 
structural changes occur may be 
influenced by the rate of deforma- 
tion, and these changes will modify 
the work hardening and recovery 
processes, 

So-called “negative creep” is only 
a special case of the more general 
behavior of alloys and is usually 
observed at relatively low tempera- 
tures and stress levels where the 
effect is neither exhausted quickly 
by very rapid precipitation nor 
overshadowed by large plastic 
strains. 

At elevated temperatures, metallic 
materials may undergo solid-state 
reactions which are accompanied by 
appreciable density changes. Such 
density changes may result from 
allotropic transformations. Aging 
processes may also account for posi- 
tive or negative volume changes. 
Similar behavior may be encountered 
when a metastable phase dissociates. 
Even in solid-solution alloys, volume 
changes may occur because of clus- 
tering, short or long-range ordering, 
or a preferential redistribution of 
solute atoms to the energetically 
more favorable positions, such as 
low or high-angle boundaries, dis- 
locations, or stacking faults. 

W. P. Sykes reports that solution- 
treated iron-tungsten alloys of 20 
and 30% W, when aged for 1 hr. at 
700° C, (1290° F.), show 0.32 and 
0.4% contraction, respectively, and 
an iron alloy containing 22% Mo 
contracts 0.45% when aged at 650° 
C. (1200° F.) for 5 hr. These 
effects are attributed to the pre- 
cipitation of the compounds of 
Fe.W and Fe;Mog, respectively. 

The combined elongation effect of 
plastic deformation and _ solid-state 
reaction is shown for a negative 
volume change. The measured 
creep curve is the algebraic sum of 
curve C, representing normal creep 
of a stable metal, and curve D, 
representing contraction due to a 
metallurgical reaction. If for a given 
set of conditions, the contraction is 
large as compared to the normal 
creep elongation, “negative creep” 
will result. If the elongation is 
large (high stress) compared to the 
contraction, the conventional elonga- 
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In these fine steels, metallurgical progress, manu- 
facturing specialization and integrity combine to pro- 
vide performance leadership known everywhere. Ask 
for Data Sheets discussing your applications. 


Vanadium-Alloys Steel Company 


LATROBE, PENNSYLVANIA 


SUBSIDIARIES: Anchor Drawn Steel Co. * Colonial Steel Co. « Metal Forming Cor- 

poration © Pittsburgh Tool Steel Wire Co. * Vanadium-Alloys Steel Canada Limited « 

Vanadium-Alloys Steel Societa italiana Per Azioni « EUROPEAN ASSOCIATES: 

Societe Commentryenne Des Aciers Fins Vanadium-Alloys (France) * Nazionale 
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Negative Creep... 


tion time behavior will occur. If 
the elongation is small compared to 
the contraction in the early stages 
but becomes greater with time, the 
net creep curve will start negatively 
and gradually become positive. 

For this study a 20.5% tungsten- 
iron alloy and a 25.5% molybdenum- 
nickel alloy were selected for inves- 
tigation. The alloys were vacuum 
melted in an induction furnace, de- 


oxidized with carbon, and cast as 
2-in. square ingots. The ingots were 
subsequently forged and rolled to 
5g-in. diameter The 
tungsten alloy was solution treated 
at 1375° C. (2510° F.) and the 
nickel-molybdenum alloy at 1250" 
C, (2280° F.) and water quenched. 


Dilation measurements, creep tests, 


bars. iron- 


and stress-relaxation tests were made 
on the solution-treated materials 
and were supplemented by tests on 
cold worked or pre-aged alloy. 
The tungsten-iron alloy was aged 


CALL FOR THESE PACE-SETTING ROHCO® 
PRODUCTS, DISCOVERED AND CONTROLLED 
IN THE HULL CELL: 


For unequaled, perfect Cadmium Plating . . . 
ROHCO 20XL CADMIUM BRIGHTENER 


For brilliant, low cost Zinc Plating . . . 
ROHCO 100 BARRELL ZINC BRIGHTENER 
ROHCO 503 STILL AND AUTOMATIC ZINC 

BRIGHTENER 


For retained beauty and added corrosion resist- 
... 
RODIPS CD-3 AND CD-4 ON CADMIUM PLATE 
RODIPS ZN-22 AND ZN-30 ON ZINC PLATE 


is eager 


1308 Parsons Court 


Profit-making, are 
getting superb quality with perferred 
ROHCO Products. They know in today's 
competitive but the 
finest finishes can continually bring in 
repeat business from satisfied customers. 


successful platers 


market nothing 


With the use of ROHCO Products, high- 
est quality and absence of rejects are 
a matter of course in daily production. 
Keep in mind that these products must 
have a wide latitude of operation and 
ease of maintenance to carn the ROHCO 
Trade Mark. 


Your Nearby ROHCO Representative 


to work with you... 


--——-Nationwide Stockpoints -———- 


R. 0. HULL & COMPANY, INC. 


Rocky River 16, Ohio 


at 600, 700, S800 and 900° C. (1110, 
1290, 1470 and 1650° F.) and the 


molybdenum-nickel alloy at 450, 
540 and 600°C. (840, 1005 and 
1110° F.) and length changes 


observed on 2-in. long specimens in 
a quartz dilatometer. 
amounts of contraction 


The observed 
were com- 
pared with calculated values assum- 
ing the precipitation of the inter- 
metallic Fe.W 
Ni,Mo. There was good agreement 
between 


compounds and 


calculated and measured 
values at the highest temperatures 
of equilibration. Large disagree 
ments existed at low aging tempera 
tures at which equilibration times 
were probably much larger than 
those employed. 

Tungsten-iron and molybdenum- 
nickel alloys which had been solu- 
tion treated were creep tested at 
600° C. (1110° F.), the former at 
5000 and 10,000 psi. the latter at 
5000 and 7500 psi. At both stresses 
for the tungsten-iron alloy, negative 
creep was observed as expected on 
the basis of the dilation data. 

The data emphasize that entirely 
different creep rates can be obtained 
depending on whether a 
change takes place during or prior 
to creep testing, 


phase 


Normally, in a relaxation test, at 
constant strain relaxation effects a 
decrease in stress as a consequence 
of creep, that is, the original elastic 
strain is in effect exchanged for 
plastic strain with time. However, 
negative creep might be expected to 
produce a stress increase. To test 
this idea, the molybdenum-nickel 
alloy was subjected to relaxation 
tests. In one test, the initial stress 
of 5000 psi. applied to the solution- 
treated specimen at 600° C. (1110° 
F.) increased 1.4 times after about 
25 hr. exposure. On further hold- 
ing, this stress increased slowly to 
about 1.44 times the initial value 
and began to relax after about 165 
hr. Only after 350 hr. had the stress 
relaxed to the initial value. A pre- 
aged specimen showed practically 
no stress build-up. 

The practical significance of the 
effects described is that of struc- 
tural instability generally, and a 
tendency for “negative creep” might 
be of serious consequence in high- 
temperature bolting applications, or 
in annealing treatments after cold 
work because of the build-up of in- 
ternal stresses which could lead to 
cracking. Gorpon D. GemMee 
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500 Feet 


With a Lewis 


and Cutting 
Machine 


No. 4FH “Travel-Cut" 


, Automatic Flying-Shear 


Wire Straightening and Cutting Machine g 


high-speed 


% The Lewis No. 4FH is typical of the new 
developments Lewis engineers have perfected to meet 
tomorrow's production schedules today. For example, 
the amazing No. 4FH, designed for straightening and 
cutting short lengths, can produce 18,000, 12” —18” 


lengths of 44” welding rod per hour. 


Now, Lewis announces a further development, the 
new No. 4FHA, designed for straightening and cutting 


any length at speeds up to 500 FPM. The No. 4FHA is 


a high-speed Travel-Cut Flying-Shear model equipped 
with Air Clutch and Air Brake. 


A compound sliding gear transmission has six fly- 
wheel speeds and 20 feed speeds through the range 
of 75 to 520 FPM, permitting the selection of the 


correct speed for various diameters and materials. 


There are 46 models in the Lewis line designed to 
handle wire from .012” to 1” in diameter. Write us 
. we have a machine to meet any wire straightening 


and cutting requirement. 


SEE THE NO. 4FHA IN OPERATION AT BOOTH 1527, NATIONAL METAL EXPOSITION, CLEVELAND, OHIO, OCTOBER 27-31. 
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Aging Characteristics 
of Hastelloy B 


Digest of “Aging Character- 
istics of Hastelloy B”, by R. E. 
Clausing, P. Patriarca and W. 
D. Manly, @ Preprint No. 79, 
1958. 


5 ALLOY Hastelloy B (66 Ni, 
Mo, 5.5Fe, 0.6Cr, 0.6 Si, 


0.035 C) was examined after aging 
to determine the metallographic 


changes. The tensile strength and 
ductility were also determined for 
specimens aged for various lengths 
of time up to 1000 hr. at tempera- 
tures of 1100 to 1600°F. Both 
room-temperature and _ elevated- 
temperature tensile behavior were 
determined. 

There is evidence of precipitation 
at all temperatures although visible 
precipitates were observed only 
after aging at 1300° F. and above. 
According to the binary Ni-Mo 
phase diagram, the alloy should pre- 


Permanently 
attached 
illumir ator 
includes a 
diffusing as 
screen, : 
condensing 
lens, two iris 
diaphragms 
and pre 
focused 
lamp-——exact 
illumination 
for most 
critical 
analyses. 


, P.O. Box 242, 


EASY, PRECISE, FAST, DEPENDABLE ANALYSES 


j Inclined monocular eyepiece . . 
y . .. velvet-smooth focusing and vertical-stage adjustment 
K make the Cooke Model M1235 the favorite metal 
lab microscope for all routine analyses. Revolving objective 
changer positions any one of three lenses without 
altering height of stage. Wide choice of coated objectives. 
\ Available with plain stage with focusing movement 
/ or attachable mechanical stage. Write for full 

/ \ details contained in Bulletin SM 1000H. 
/ 
/ 


\ 
\ COOKE METALLURGICAL MICROSCOPES 
Barrington, Illinois 


Kcoone >, wera Leader in Precision Optics for More Than 200 Years 


. built-in illumination 


cipitate B-Ni,Mo on aging below 
1544° F. and y-Ni-Mo at 1544 to 
about 1610°F. The evidence for 
precipitation at 1100° F. consists of 
a marked increase in strength and 
hardness and loss in ductility after 
1000 hr. of aging. A minimum in 
room-temperature ductility occurs 
after aging of 1000 hr. at 1300° F. 
The only effect of the precipitation 
on elevated-temperature properties 
is a marked loss in ductility on test- 
ing at 1300° F. 

The first microscopic evidence of 
precipitation is the appearance of 
a Widmanstitten precipitate after 
aging at 1300°F. This structure is 
still present after aging at 1400° F. 
but is absent at 1500° F. The pre- 
cipitate at 1500° F. appears as thick 
needles or platelets and presumably 
y-Ni,Mo rather than the ~@-Ni,Mo 
present below this temperature. 
This observation suggests that the 
B+ y peritectoid temperature is 
below 1500° F. for the commercial 
alloy used in this investigation. 

The marked loss in ductility with 
aging at 1300° F. is associated with 
the Widmanstitten precipitate. The 
loss in ductility after aging at 1100° 
F. in the absence of such a precipi- 
tate suggests the presence of a sub- 
microscopic beta precipitate. 

R. W. Guarp 


Identification of 
Uranium Inclusions 


Digest of “Metallographic 
Identification of Inclusions in 
Uranium”, by G. L. Kehl, Eric 
Mendel, Emilio Jaraiz and 
M. H. Mueller, @ Preprint No. 
100, 1958. 


HE DEVELOPMENT of a method for 

metallographic identification of 
inclusions in a metal first requires 
the determination of the true identity 
of the inclusions of interest. Second, 
a procedure must be established that 
is easy to apply, reproducible, and 
that gives clear separation between 
different kinds of inclusions. The 
present work identifies various inclu- 
sions in uranium and describes how 
to distinguish between them. 

Inclusions that can be identified 


by the scheme described are UN, 
U(C,N), UC, UH;, UO, UO,, and 


U,Fe. The inclusions were mechan- 
ically removed from specimens, in 
which one type of inclusion pre- 
dominated, by using an ultrasonic 
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Americon Metal Treatment Co. 
Elizabeth, New Jersey 

Anderson Steel Treating Co. 
Detroit, Michigan 

Benedict-Miller, Inc. 
Lyndhurst, New Jersey 

Bennet? Heat Treating Co., Inc. 
Newark 3, New Jersey 

Commercial Metal Treating, Inc. 
Bridgeport, Connecticut 

Cook Heot Treating Co. of Texas 
Houston Texas 

The Dayton Forging & Heat Treating Co. 
Dayton 3, Ohio 

Dominy Heat Treating Corp. 
Dallas, Texas 

Drever Compony 

Philadelphia 33, Pennsylvania 

Greenman Stee! Treating 
Worcester 5, Massachusetts 

Fred Heinzeimon & Sons 
New York 12, New York 
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...which ONLY the 
Commercial Heat Treater 
can provide 


Today’s modern commercial heat treating plant 
might well be described as a “department store” 
for metal treating services. For under one roof are 
offered you not only the full range of heat treating 
equipment for all types of processes .. . but. . . of 
still greater importance, the manpower skills of the 
management and technicians of those supervising 
and performing your jobs. Service is their keynote. 


Whatever your needs . . . whenever you need it . . . 


@ CONSULT YOUR 
COMMERCIAL HEAT TREATER! 


Alfred Heller Heat Treating Co. 
New York 38. New York 
Hollywood Heat Treating Co. 
Los Angeles 38, California 
ipsenlab of Canada, Ltd. 
Toronto, Ontario, Canada 
Ipsenlab of Rockford, Inc. 
Rockford, Illinois 
L-R Heat Trea 
Newark, New Jersey 
The Lakeside Steel improvement Co. 
Cleveland 14, Ohio 
Metallurgical, inc. 
Minneapolis 14, Minnesota 
Metallurgical, Inc. 
Kansas City 8, Missouri 


New land Metallurgical Corp. 
South Boston 27, Massachusetts 
Owego Heat Treat, Inc. 
Apalachin, New York 
Paulo Products C 
St. Louis 10, Missouri 
Pittsburgh Commercial Heat Treating Co. 
Pittsburgh |, Pennsylvania 
Pittsburgh Metal Processing Co., Inc. 
Pittsburgh 15, Pennsylvania 
The nm City Steel Treating Co. 
incinnati 25, Ohio 
J. W. Rex Company 
Lansdale, Pennsylvania 
Stanley P. Rockwell Company 
Hartford 12, Connecticut 
Scott & Son, Inc. 
Rock Island, Illinois 
Syrocuse Heat Treating 
Syracuse, New York 


emperature Processing Co. 
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Uranium Inclusions . . . 


“jack-hammer” technique. The crys: 
tal structures and lattice parameters 
of the removed inclusions were 
determined by X-ray diffraction 
techniques and the results compared 
with published values. 

The metallographic identification 
procedure relies mainly on the rate 
of electrodeposition of copper onto 
the inclusions and on the character 


of the deposit at a magnification of 
200 x. Mechanically polished spec- 
imens were immersed in a_ 1:1 
aqueous nitric acid solution imme- 
diately before electroplating to se- 
cure a standard surface, A copper 
cyanide solution operated at a cur- 
rent density of 2 milli-amp. per sq. 
cm. of total surface area and at an 
open circuit potential of 4 to 6 v. 
was used to deposit the copper. 
The copper deposited preferentially 
on the inclusions in most cases be- 


FABRICATED HEAT 
TREATING ACCESSORIES 


that meet your specific demands... 


Processing metals in high tem- 
perature atmospheres involve 
accessory equipment problems 
where engineering skill, proper 
alloy analysis, broad experience, 
and quality fabrication are of 
major importance. Our back- 
ground of twenty-five years expe- 
rience in the design and produc- 
tion of heatand corrosion-resistant 
fabrications for use in all processes 
of metal treating assures you of 
sound judgment and fineness in 


These heat treat accessories show only 
a few examples of our engineered 
equipment produced for high temper- 
ature service. They point out the 
technical skill, craftsmanship, and 
quality available to you in our fabrica- 
tion of job-proven alloy products. 


every detail, whether new design 
is required or fabrication only is 
needed. 


We provide complete facilities for 
the production of quality heat 
treating accessories from your 
design; redesign your present 
equipment or submit designs for 
your requirement. We invite your 
inquiries for heat and corrosion 
equipment made from rolled mate- 
rial or in combination with alloy 
castings of like analysis. 


ALLOY STEEL Fabrication Division 


ALUMINUM & ARCHITECTURAL METALS COMPANY 
1974 Franklin Street +» Detroit 7, Michigan +» Phone: LOrain 7-6880 
DESIGNERS AND PRODUCERS OF ALLOY STEEL AND NON-FERROUS METAL FABRICATIONS 


cause they are usually cathodic to 
the uranium matrix. Additional in- 
formation was obtained by noting 
the reactivity of the inclusions in the 
1:1 nitric acid and upon atmospheric 
exposure, and by determining their 
hardness. The most important obser- 
vations useful for identification are: 

Uranium mononitride: This phase 
receives a continuous copper de- 
posit that is faithfully confined to 
the inclusion area. It is little af- 
fected by the atmosphere and_ is 
highly resistant to nitric acid dis- 
coloration. 

Uranium carbonitride: These in- 
clusions behave similarly to UN, but 
a continuous copper deposit takes 
much longer to produce. 

Uranium monocarbide: Copper 
deposits at an even slower rate and 
the deposit is not continuous. 
Uranium monocarbide also oxidizes 
and discolors readily in air and it 
darkens rapidly in nitric acid. 

Uranium hydride: Copper de 
posits simultaneously on both the 
uranium matrix and the inclusions 
at about the same rate. Thev are 
unaffected by air and nitric acid and 
usually exist in irregular stringer 
shapes or as spheroids. 

Uranium monoxide: These inclu- 
sions are of questionable composi- 
tion, possibly being U(C,N,O) with 
oxygen predominating. They re- 
ceive no copper deposit whatsoever, 
and they begin to darken in 1:1 
nitric acid after 20 sec. The average 
hardness of UO is Vickers 900 com- 
pared to 730 for U(C,N). 

Uranium dioxide: These inclusions 
also receive no copper deposit, but 
do not discolor in 1:1 nitric acid. 

Intermetallic compound U,Fe: 
Copper deposits only after 45 sec. 
and then as a coarse, granular de- 
posit. The intermetallic compound 
U,Fe is unaffected by exposure to 
air and to nitric acid up to about 
30 sec. D. A. THomas 


MACHINING OF METALS 


Experts look upon the tech- 
niques of machining wrought 
metals, cast alloys, toolsteels, and 
nonferrous metals. Includes such 
information as physics of metal 
cutting, machinability of ingot 
iron. 177 pages—6x9—cloth—illus- 
trated—$3.00. Clip and send to 
Technical and Engineering Book 
Information Service, 7301 Euclid | 
Avenue, Cleveland 3, Ohio. 
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Wustrated above is Fenn Model 4-122 Two-Stand 
Four-High Tandem Strip Mill. It is equipped with 
3%" diameter werk rolls, 12” diameter back-up 
rolls and is work roll driven. 


THE FENN MANUFACTURING CO. 


OCTOBER 1958 


poe Advanced Design Tandem Strip Mills are 
precision engineered and precision built to exacting 
standards of quality for the production of close tolerance 
strip. Featured is Model 122, a Four-Stand Two-High 
Tandem Strip Mill with 12” diameter rolls. Each stand has 
separate DC drive and high powered dual motor screw- 
downs. It is equipped with automatic lubricating and 
internal roll cooling systems, supplied from tanks self- 
contained within its heavy stress relieved welded steel bed. 
This mill can also be supplied as a Four-High Work Roll 
Driven Mill for rolling to thinner gages. Whatever your 
strip rolling requirements, it will pay you to investigate the 
advantages of Fenn Advanced Design Tandem Strip Mills, 
built in sizes from 3” to 24” diameter rolls. Fenn Engineer- 
ing Service welcomes your inquiry on rolling problems. 
Write for catalog FRM-58. 


509 FENN ROAD, NEWINGTON, CONN. 


Visit Fenn Booth No. 1609 at the Metal Show 
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| another new ASM book 
1 5 OUTSTANDING CHAPTERS 


General Metallurgical Problems in the Design of 
Nuclear Reactors * Factors Affecting Sintering * 
Preparation of Metal Powders for Reactors * 
Powder Metallurgy of Zirconium and Beryllium 
* Powder Metallurgy of Uranium * Powder Metal- 
iurgy of Thorium ® Alloying by Powder Metallurgy 
* Uranium Alloys by Powder Metallurgy ° Zir- 
conium-Beryllium Phase Diagrams * New Methods 
of Powder Metallurgy * Metal-Powder Rolling ° 
Ceramic Fuel Materials for Nuclear Reactors ° 
Uranium Dioxide as a Nuclear Fuel Material °* 
Dispersion-Type Fuel Elements * Safe Handling of 
Pyrophoric and Radioactive Metal Powders. 


Almost without exception, the quainted with today’s powder 


work described in Powder Metal- metal advances, and also for those 
lurgy in Nuclear Engineering was who are now becoming involved 
sponsored by the U. S. Atomic with the tremendous potential of 
Energy Commission. Excellently or- this essenticol aspect of metals 
ganized by Henry H. Hausner, Con- technology. For all that is known, 
sultant to Sylvania-Corning Nuclear and for all that is new in powder 
Corp., this vol is an invaluabl metallurgy for nuclear engineering, 
reference for those who are ac- send for your copy today. 


$8.50—275 PAGES—243 LITERATURE REFERENCES— 
6x 9—RED CLOTH COVER—100 CHARTS, TABLES, 
GRAPHS—SUBJECT INDEX—ILLUSTRATED 


AMERICAN SOCIETY FOR METALS 
Technical and Engineering Book 
7301 Euctid Ave.—Cleveland 3, 


Please send . .. copy(s) of Powder Metallurgy in Nuclear Engineering at $8.50 each. 


Bill Company: ( ) 
Check here for free ASM Book Catalog: ( 
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Steels Containing Copper 


Digest of “Effect of Copper 
on the Heat Treating Char- 
acteristics of Medium-Carbon 
Steel”, by R. A. Grange, V. E. 
Lambert and J. J. Harrington, 
@ Preprint No. 62, 1958. 


i HE EFFECT of copper on hardena- 

bility, equilibrium transformation 
temperatures, temperature range of 
martensite formation, isothermal 
transformation, precipitation harden- 
ing and softening of martensite on 
tempering was determined for a 
0.45% carbon steel for 0, 0.5, 1 and 
1.5% Cu. The hardenability effect of 
copper can be expressed as 

Fo = 1 + 0.2 K wt.% Cu. 
Thus the hardenability effect of cop- 
per is in direct proportion to the per- 
centage present and copper is less 
effective than nickel in increasing 
hardenability. 

The equilibrium transformation 
temperature, Ae,, was lowered in 
direct proportion to the percentage 
of copper to the extent of 20° F. for 
each 1% of copper. The Ae, was 
lowered a diminishing amount as 
copper increased to 1% with no addi- 
tional lowering thereafter, at least up 
to 1.5%. Therefore, the effect of 
copper upon the equilibrium trans- 
formation temperatures is small. 

The temperature range of marten- 
site formation showed a small but 
significant lowering in direct propor- 
tion to the percentage of copper. 
Quantitatively each 1% of copper 
lowered M, by 20° F. Thus, copper, 
like most alloying elements, lowers 
M, but its effect is small. 

Isothermal transformation  dia- 
grams are similar in shape but differ 
in location on the time scale. That 
is, copper retarded transformation 
to about the same extent at all tem- 
perature levels. Copper had no 
marked influence upon the appear- 
ance of any of the isothermally 
formed _ transformation products. 
However, copper increases some- 
what the amount of pro-eutectoid 
ferrite in the pearlite region and 
bainites are more open. 

In practice, copper steels are some- 
times hardened and strengthened by 
normalizing and then tempering to 
induce precipitation, which results 
in a substantial increase in strength, 
especially in relatively low-carbon 
structural steels. 

Curves showing the change in 
hardness with tempering time at each 
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An announcement of interest to 


manufacturers of steel parts 


Improvements 


STEEL BARS 
WITH COPPER 


] 100,000 PS! YIELD STRENGTH in al! sizes . . . without heat 


treating. 


2 IMPROVED PHYSICAL PROPERTIES...better fatigue life 
wearability, and resistance to atmospheric corrosion. Over-all 
quality is improved. 


3 IMPROVED MACHINABILITY...stRESSPROOF with copper now 
machines faster and better than ever. It gives longer tool life, better 
finish, and more production from a day's run, according to shop 
production records. 


4 CLOSER TOLERANCES... Tolerances for rounds have been tight- 
ened to meet the need for more precise parts as follows: 


to Over to 214" Over 2%” to 3%" 
+ .000 +.000 + .000 
—.004 — .005 — .006 


5 COMPARED WITH OTHER STEELS, 
STRESSPROOF COSTS EVEN LESS TODAY...Also saves mo- 
chining and heat treat costs, and you get a better quality part. It 
will pay you to take another look at this improved material. 


Your STEEL SERVICE CENTER stocks contain today's STRESSPROOF. It 
has been produced and shipped over a several months’ period. 


JUST PUBLISHED! Use this coupon to request your copy of new bulletin, 
"Improvements in Today's STRESSPROOF Steel Bars."’ 


La Salle STEEL COMPANY 


1424 150th Street, Hammond, Indiano 


Title 


LOMA 


COMBINATION MILL 


A 


242” & 81/2” x 8” Four-High Setup for Strip Rolling 


812” x 8” Two-High Setup for Powder Metal Rolling 


HORIZONTAL 


The new LOMA Model 1000 Two- 
High/Four-High Combination Rolling 
Mill offers maximum versatility for 
both laboratory use and production 
application. With the rolls arranged 
in a vertical plane, the mill is em- 
ployed for (a) hot or cold two-high 
breakdown rolling of flats and 
shapes; and (b) four-high cold finish 
rolling of sheet and strip. With the 
rolls arranged in a horizontal plane, 
the machine is used for the con- 
tinuous compacting of powder 
metals into strip. 


LOMA 


MACHINE MFG. CO., INC. 


114 East 32nd 
New York 16, N. Y. 


Copper Steels . . . 


of four tempering temperatures are 
typical of those found in other pre- 
cipitation hardening alloys. 
curves 


These 
indicate no precipitation 
hardening until more than 0.5% Cu 
was present. 

Copper conveyed a resistance to 
softening on tempering martensite. 
The effect was much greater at high- 
er tempering temperatures, Fur- 
thermore, the effect was not directly 
proportional to the percentage of 
copper present, but was small with 
only 0.5% Cu, and increased mark- 

to 1.0% Cu. 

The effect of copper up to 1.5% 


edly between 0.5 


on the heat treating characteristics 
of 1045 steel was generally benefi 
cial. However, the magnitude of its 
effect was usually so small that rela- 
tively large percentages would be 
required to obtain an appreciable 
effect. Thus, the advantages to be 
gained from the addition of copper 
to steels for use in a fully heat treat- 
ed condition probably do not offset 
its disadvantages, namely, increased 
difficulty in hot working and inabil 
ity to remove copper from scrap. 
Up to now, copper has not been used 
as a substitute alloying element in 
A.LS.L-S.A.E. type steels, nor does 
it seem likely that it ever will be 
used for this purpose unless desir- 
able interaction effects between cop- 
per and some other alloying elements 
are subsequently discovered. On 
the other hand, small residual per- 
centages of copper appear to be 
comparatively innocuous as far as 
heat treating characteristics are con- 
cerned and can be ignored in plan- 
ning heat treatments. This would 
seem to be essentially true also for 
steels to which up to 0.5% Cu is 
added intentionally to improve re- 
sistance to atmospheric corrosion. 


D. J. Grrarpt 


Carbide Phases Produced 
in High-Carbon Steel 


Digest of “Magnetic Analysis 
of Phase Changes Produced in 
Tempering a High - Carbon 
Steel”, by Morris Mentser, @ 
Preprint No. 66, 1958. 


sinc a modified pendulum bal- 
ance for measuring magnetic 
moment, an investigation was made 


of the carbide phases formed during 


STAIN LESS 
STEEL 


-010 to .001 25” wide; down 
to .00015 in narrower widths. 


All regular commercial 
tempers. 


Commercial bright anneal 
finish. 


Unique annealing facilities 
provide uniform temper and 
uncontaminated surface. 


Coils or cut lengths, both with 
#3 edge. 


302, 305, 321, 347, 430, 
17-7PH, PH15-7MO plus 
various high temperature 
alloys and rare metals. 


Available for prompt shipment 
in production quantities. 


FOR EXACTING STANDARDS ONLY 


Somers Brass Company, Inc. 
106 BALDWIN AVE., WATERBURY, CONN. 
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RESISTANT \ 


i 


A.C.1. 
CA-15, CA-40, CB-30, CC-50, 2 


CE-30, CF-8, CF-20, CF-8M, f 
CF-12M, CF-8C, CF-16F, J 
-20, CK-20 


HK, HL, HN, HT, 
HU, HW, HX 


STATIC AND CENTRIFUGAL 


LOOK NO FURTHER THAN fahralloy 


For over a quarter of a century 

Fahralloy has served the needs of 

the nation's leading industries with highest 
quality alloy castings. Whether your 

particular need is for heat resistant alloy 
castings or stainless, you can be sure they'll 
be made to your exact specifications 

when you place your order with Fahralloy. 


Write for complete 
Data Today. 
It's Free from 


A Member of the Alloy Casting Institute 


1SOTH AND LEXINGTON AVENUE « HARVEY, ILLINOIS 
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Carbide Phases . . . 


tempering of quench hardened, high- 
carbon (1.6% C) steel. 

Specimens were austenitized in an 
argon atmosphere for 2 hr. at 1100° 
C. (2030° F.) and quenched in a 
10% sodium hydroxide solution. 
The quenched disks were sealed in 
individual evacuated pyrex tubes to 
prevent oxidation during subsequent 
tempering treatments. Some of the 
samples were treated in liquid nitro- 


gen before tempering to reduce the 
amount of retained austenite. 

For quantitative analysis of phases 
formed during tempering, knowledge 
of specific magnetizations of initial, 
intermediate and final phases is 
needed. These were determined 
prior to tests on the quenched speci- 
mens. The specific magnetizations 
of cementite and e-iron carbide were 
obtained as functions of both mag- 
netic field strength and temperature 
on carbides prepared by carburizing 
finely divided iron with carbon mon- 


Cincinnati Sub-Zero 
insures maximum 
stability of metals .. . 
even at supersonic speeds! 


t be more than skin d 


Speeds of thousands of miles per hour . . . murderous split-second 
temperature and altitude changes . . . today’s aircraft, rockets and 
missiles survive an almost unbelievable assault in the vital race for 


preparedness. 


Whether or not your products are involved in this “race”, Cincinnati 
Sub-Zero production chilling or environmental test units can help 
them survive . .. produce completely stabilized steels that retain high- 
impact hardness and dimensional stability under toughest conditions. 


Write us for Catalog and outline your needs for a no-obligation recom- 


mendation on a custom-designed unit. 


CINCINNATI SUB-ZERO PRODUCTS 


General Offices and Plant: 3930 R8 READING ROAD, CINCINNATI 29, OHIO 


Member, Environmental Equipment Institute 


oxide. These data provided the 
basis for calculating the identity of 
the carbide phases in tempering the 
quenched alloy. 

The results of this carefully 
planned experiment showed that 
hexagonal carbide (¢-iron carbide) 
forms on initial decomposition of re- 
tained austenite in the second stage 
of tempering, at 230° C. (445° F.) 
or lower. Thus, at these tempera- 
tures, the transformation product of 
retained austenite, that is, bainite, is . 
initially an aggregate of ferrite and 
hexagonal carbide, and not ferrite 
and cementite. The composition of 
the hexagonal carbide, derived from - 
magnetic measurements, was approx- 
imately Fe, ,C. Subsequent trans- 
formation of the hexagonal carbide 
into cementite was found to occur 
largely in the third stage of temper- 
ing by reaction with ferrite and/or 
low-carbon martensite. 

G. H. Enz1An 


Mechanical Properties of 
Fe-Al-Si Alloys 


Digest of “Mechanical Prop- 
erties of Fe-Al-Si Alloys at 
Room and Elevated Tempera- 
tures”, by D. J. Schmatz and 
V. F. Zackay, @ Preprint No. 
111, 1958. 


HE Fe-Av-S1 TERNARY is metallur- 

gically very appealing. Alloys 
in the solid-solution region have good 
oxidation and high-temperature cor- 
rosion resistance, and high electrical 
resistivity; they are also very cheap. 
Unhappily, however, the ductility of 
the alloys is poor. 

In this paper, the mechanical 
properties of a series of alloys in the 
iron-rich corner of the ternary were 
investigated. Silicon (up to 2.5%) 
was used as the independent vari- 
able, the aluminum being held at 
5, 7 and 9 wt.%. At constant alumi- 
num content, the yield and tensile 
strength increase with increasing 
silicon content, but with a rapid de- 
crease in ductility. The tensile prop- 
erties are insensitive to the heat 
treatment of the alloys (slow cooled 
and quenched) for low annealing 
temperatures (1400° F.), but alloys 
slow cooled from higher tempera- 
tures (1500° F.) show a drastic re- 
duction in ductility compared to the 
quenched specimens, due to grain 
boundary precipitation of carbon. 
Similarly, it is found that silicon 
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ECONOMICAL 
COOLING 
OF GASES AND 
COMPRESSED AIR 


Cooling gases or cooling and removing 
moisture from compressed air, the 
Niagara Aero After Cooler offers the 
most economical and trustworthy 
method. Cooling by evaporation in a 
closed system, it brings the gas or com- 
pressed air to a point below the am- 
bient temperature, effectively prevent- 
ing further condensation of moisture 
in the air lines. It is a self-contained 
system, independent of any large cool- 
ing water supply, solving the problems 
of water supply and disposal. 
Cooling-water savings and power- 


cost savings in operation return your 


equipment costs in less than two years. 
New sectional design reduces the first 
cost, saves you much money in freight, 
installation labor and upkeep. Niagara 
Aero After Cooler systems have proven 
most successful in large plant power 
and process installations and in air and 


gas liquefaction applications. 


Write for Descriptive Bulletin 130. 


NIAGARA BLOWER COMPANY 


Dept. MP-10, 405 Lexington Ave., New York 17, N.Y. 
Niagara District Engineers in Principal Cities of U.S. and Canada 


Outstanding opportunities in the fields of aircraft and missiles 
with the Wright Aeronautical Division, 
Wood-Ridge, New Jersey. 


METALLURGISTS 


Graduate metallurgists having experience in materials devel- 
opment will find challenging work in improving existing 
materials and in developing new alloys of exotic metals. 


WELDING ENGINEERS 


Positions available at various levels of experience for graduate 
engineers with a technical background in welding. Interesting 
work in the development of new welding materials and tech- 
niques for ultra-high strength levels. 


Send detailed resume including salary requirements to: 


T. W. COZINE 
MGR., EXECUTIVE & TECHNICAL PLACEMENT, DEPT. WD-1, 
CURTISS-WRIGHT CORPORATION, WOOD-RIDGE, N.J. 


ALL REPLIES CONFIDENTIAL 


CORPORATION * WOOD-RIDGE, N.J. 


Fe-Al-Si Alloy .. . 


increases the stress for 100-hr. rup- 
ture in all alloys, but at the expense 
of ductility. The resistance to defor- 
mation at high temperatures is poor, 
except for alloys of high solute con- 
tent (9 Al, 2.5Si), in which long- 
range order is probably retained to 
a high temperature. 

The presence of long-range order 
was qualitatively indicated by 
changes in the electrical resistivity 
with alloy content. Silicon appears 
to be additive to aluminum in initi- 
ating order at low aluminum con 
tents. At higher aluminum-silicon 
contents, the order-disorder  trans- 
formation temperature seems to be 
significantly increased by the pres- 
ence of silicon. As expected, allovs 
in the ordered region show a de- 
creased ¢ reep rate. 

The oxidation resistance was found 
to be strongly improved by the addi- 
tion of silicon, 

G. M. McManus 


Precipitation Hardening 
of an lron-Base Alloy 


Digest of “The Response of 
an Iron-Base Alloy, Hardened 
With Titanium, to Various Ag- 
ing Times and Temperatures”, 
by T. W. Eichelberger, @ Pre- 
print No. 60, 1958. 


RECIPITATION HARDENING has been 
used for several years as a meth- 
od for strengthening high-tempera- 
ture alloys, even though there is 
some lack of understanding of the 
effect of various aging treatments on 
elevated-temperature properties. To 
provide more complete information 
on this subject, a study was made of 
the effects of chemical composition, 
aging temperature and aging time 
of an alloy base representing the 
range of compositions of three sepa- 
rate commercial alloys. These iron- 
base alloys all contain 20 to 30% Ni, 
and 13 to 16% Cr in addition to mi- 
nor amounts of other elements. The 
alloys are hardened by the use of 
titanium from 1.3 to 2.5%. The se- 
ries of alloys studied covered the en- 
tire range of titanium, molybdenum, 
and contents used in the commercial 
alloys. 
No attempt was made in this work 
to investigate thoroughly the effect 
of the solution treatment tempera- 
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* extrusions * forgings 
rolling * forming 
* soaking pits 


advantages 


« cheapest and fastest heating + no scale, no smoke, no odor 
e pickling the stock + no conveyors or alloys needed 
« temperatures—550° to 3000° F 
e glass protection for billets 
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ALL THAT IS NEW 


THORIUM 


COMPREHENSIVE 


THORIUM 


A NEW BOOK FROM ASM 
22 VITAL CHAPTERS BY 36 EXPERTS 


THE METAL THORIUM is an information-packed volume for designers, 
metallurgists, researchers, students and workers in the dynamic field of 
nuclear engineering and science. Under the precise supervision of Dr. 
Harley A. Wilhelm, Associate Director, Ames Laboratory (former ASM 
Trustee), and through close cooperation with the Atomic Energy Commis- 
sion, this is a unified collection of detailed information on both the funda- 
mental scientific and the technological and engineering aspects of thorium. 

Today, the importance of thorium lies not only in its impending exploita- 
tion as a source of energy, but also in the inevitable numerous and varied, 
new and broader industrial applications certain to be created. Learn all 
that is new about this essential metal. Order your copy, for reference and 
study, today. 


Chapters: The Role of Thorium Metal in the Nuclear Field « the Nonnuclear 
——— of Thorium *¢ Thorium in Magnesium Technology * Production 
of Thorium Compounds ¢ Preparation of Thorium Oxide and Thorium 
Fluoride frem Thorium Nitrate « Development of the Thorium Tetra- 
fluoride Calcium Process for Thorium Metal « Preparation of lodide Thorium 
* Consumable-Electrode Arc Melting of Thorium « Electrolytic Refining of 
Thorium ¢ Physical Constants, Crystal Structure, and Thermodynamic Prop- 
erties ¢ Electronic Structure of Thorium Metal « Preferred Orientation in 
Thorium * Mechanical Properties of Thorium and High-Thorium Alloys « 
Recrystallization of Thorium ¢ Fabrication and Cladding of Thorium Metal « 
The Corrosion of Thorium and Its Alloys « Effects of Irradiation Upon Thor- 
ium * MetaHography of Thorium * Hazards Associated with Thorium Metal- 
lurgy * The Constitution of Thorium Alloys * Chemical Analysis of Thorium 
Metal « The Spectrographic Analysis of Thorium. 
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$10.00—397 PGS.—6 x 9—RED CLOTH—/85 ILLUSTRATIONS—INDEX 


AMERICAN SOCIETY FOR METALS 

TECHNICAL AND ENGINEERING BOOKS 

7301 EUCLID AVENUE, DEPT. P-10, CLEVELAND 3, OH!O 

PLEASE SEND ME COPY(S) OF THE METAL THORIUM @ $10.00 EA. 
NAME___ 
STREET 
CITY. 


COMPANY 


ENCLOSED BILL ME) BILL COMPANY 


Hardening . . . 


ture on the aging reaction, nor the 
effect of complex aging treatments. 
The effect of aging time from | to 
512 hr. was studied at aging temper- 
atures from 1100° to 1600° F. after 
a solution treatment of 1 hr. at 1950° 
F. The course of aging was meas- 
ured by Vickers hardness tests. From 
the mass of data obtained, master 
curves were plotted showing hard- 
ness as a function of time, tempera- 
ture and composition; the maximum 
hardness obtainable as a function of 
aging temperature and composition; 
and the time required to reach maxi- 
mum hardness as a function of tem- 
perature, 

Analyses of the data show con- 
clusively that “soluble” titanium con- 
tents (total Ti = 4 
bon) 


percent car- 
1.3% do not 
produce sufficient precipitation hard- 
ening to be of practical importance. 
Molybdenum contents above 2%% 
produce additional hardening at tem- 
peratures 1400° F. 
However, vanadium in the range 
covered in this work (up to 0.50% ) 
did not affect the aging reaction. 


G. H. EnzIAn 


below about 


higher than 


Hydrogen-Induced 
Delayed Failure 
in Titanium 


Digest of “Hydrogen Embrit- 
tlement and Delayed Failure in 
Titanium Alloys”, by R. D. Dan- 
iels, R. J. Quigg and A. R. 
Troiano, @ Preprint No. 86, 
1958. 


Ts DELAYED FAILURE of 4 Al, 4 

Mn titanium alloy C-130 AM, 
caused by hydrogen, was studied. 
The relation of the time for failure 
to microstructure and test tempera- 
ture was examined. Three structures 
of the same strength level (140,000 
psi. tensile strength) were produced 
by (a) quenching, (b) quenching 
and aging, and (c) slow cooling. 
These three structures varied in the 
amount of alpha from 55% for (a) 
to 75% for (c). The susceptibility 
to delayed failure was proportional 
to the amount of alpha present. 
Measurements of electrical resistance 
changes during the time of test 
showed that creep occurred in some 
of the materials prior to the forma- 
tion and growth of the cracks. 
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HIGH VACUUM EQUIPMENT 
OF ADVANCED DESIGN FOR 


LABORATORY 


PILOT PLANT 


OR FULL PRODUCTION— 


MODULAR LABORATORY FURNACE 


The Kinney F-15 Furnace is designed for high 
performance, sound economy and maximum 
flexibility. Temperatures in excess of 2000° C 
are attainable—ultimate pressures to 1 x 
10-5 mm Hg. Induction or Resistance Heating 
for degassing, melting, alloying, sintering, 
annealing, welding or brazing. Kinney Vacuum 
Furnaces in production and pilot plant sizes 
for high purity metals and alloys. Write for 
Bulletin 807. 


COMPENSATED 
THERMOCOUPLE GAGE 
Now—complete interchange- 


ability of gage tubes without 
recalibration with the Kinney 


PW PACKAGED PUMPING SYSTEMS 
Great flexibility and important performance 
advantages are incorporated in the Kinney 
PW Packaged Pumping Systems. Quick evacua- 
tion of laboratory vacuum systems such as: 
tanks, bell jars, furnaces, tubes or other 
equipment. Readily converted to evaporator 
unit by means of exclusive manifold-valve 
arrangem,nt. Provides operating pressures to 
5 x 10-7 mm Hg. Ask for Bulletin 4000.1. 


PUMPS FOR PRESSURES 
IN LOW MICRON REGION 


Kinney Mechanical Pumps em- 
brace the broadest selection of 
High Vacuum Pumps in the 


Compensated Thermocouple 
Gage. 1, 2, 3, 4, 5 and 6 station 
models provide instantaneous 
response on readings in the 1 
to 3000 micron range—accuracy 
*+10% at midscale. Write for 
latest Bulletin. 


F-9 LAB FURNACE 
Low cost universal Laboratory 
Vacuum Furnace. Capacity 20 
Ibs. bottom plug pouring .. . 
10 Ibs. tilt pouring. Ask for 
Bulletin 805. 


world. Single stage pumps at- 
tain ultimate pressures to 10 
microns — compound pumps to 
0.2 micron and mechanical 
booster pumps to 0.1 micron. 
Write for Bulletin 3120. 
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j THE NEW YORK AIR BRAKE COMPANY 


| 3584K WASHINGTON STREET - 


| Kindly send me free copies of the bulletins checked: Furnace 807 ©) Pump- 
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Delayed Failure . . . 


The quenched specimen coutain- 
ing the smallest amount of alpha 
showed the least susceptibility to 
delayed failure. This observation 
may be related to the fact that the 
structure with the most beta has the 
largest capacity to dissolve hydrogen 
because of the larger relative solu- 
bility in the beta phase. The struc 
ture also changes from one having 
continuous beta matrix to one where 
alpha is continuous, The latter 
structure would also be expected to 
show greater susceptibility to frac 
ture. 

The time required for failure was 
measured at temperatures from 

321 to +-300° F. Unfortunately 
the time is shortest at room tempera- 
ture. 

The process can be described on 
the basis of the formation and 
growth of cracks. The effect of hy 
drogen is in the crack initiation step 
while the role of temperature influ 
ences the crack growth at high tem- 
peratures and the hydrogen diffusion 
at low temperatures. Plastic strain 


by creep lowers the susceptibility to 


cracking. R. W. Guarp 


Evaluating Deep Drawing 
Qualities of Sheet Metals 


Digest of “The Assessment of 
the Drawing and Forming Qual- 
ities of Sheet Metal by the 
Swift Cup-Forming Test”, by 
O. H. Kemmis, Sheet Metal 
Industries, March 1957, p. 203- 
208; April 1957, p. 251-255. 


XPERIENCE has shown that simple 
cupping or tensile tests are in- 
adequate for evaluating the deep 
drawing properties of sheet metals. 
They fail because the fundamental 
factors involved in complex drawing 
operations are not completely under- 
stood, and also because of the varia- 
tions in forming operations encoun- 
tered commercially. Consequently, 
it is necessary to resort to simulative 
rather than scientific testing pro- 
cedures to measure drawing and 
forming properties in the laboratory. 
The Sheet Metal Working Commit- 
tee of the British Iron and Steel 
Research Assoc. proposes a cup- 
drawing procedure for this purpose. 
The test was named for H. W. Swift 


who proposed the procedures after 
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Now from G.E.—X-Ray inspection 
through closed-circuit television! 


X-ray Image intensification System 


Permits viewing from remote locations... 


A fabulous “first” from G.E.! TVX combines the speed of 
a fluoroscope, the flexibility and bright image of television. 
Allows continuous 100% inspection from any number of 
locations within 1400 feet of the monitor — in separate 
rooms, or even separate buildings. 

The TVX monitor — designed to nest atop the control 
unit — has 12-in. picture tube, bright enough for easy view- 
ing in normally lighted rooms. And should additional moni- 
tors be required for simultaneous viewing from multiple loca- 
tions, any standard TV receiver will do. 


For complete TVX specs and features data, see your G-E x-ray representative. 
Or write General Electric X-Ray Department, Milwaukee 1, Wis., Rm, AS-104. 


Progress /s Our Most Important Product 


Meanwhile, on the production line... 
TVX camera picks up x-ray image of moving inspection line, 
covers a pickup field up to 67-in. diameter. Image size can 
be varied electronically from 1 to 3 times that of the object, 
providing both magnification and image intensification, 
Provides safety, too, Because the operator can be remote 
from the radiation area, any x-ray intensity needed for ade- 
quate penetration may be used. Power is furnished by a 
conventional x-ray generator. 
TVX service is always promptly available from General 
Electric x-ray representatives in all major industrial areas. 
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Deep Drawing . 


long study of the subject. 

The techniques and precautions 
recommended in this article are 
based on a nine-year investigation. 
Parallel work by the Research Com- 
mittee of Je nkontoret (Sweden) 
was taken into account. Conse- 
quently, the proposed, standardized 
testing procedure for cup-drawing 
tests will be a joint recommendation 
offered for approval by comparable 


organizations in other countries. 
The proposed testing procedure 
evaluates sheets on the basis of the 
maximum blank diameter which can 
be drawn into a cylindrical cup, 
under standardized conditions, with- 
out breaking. The rating of a mate- 
rial is expressed as the limiting draw- 
ing ratio (LDR) which is equal to 
the ratio of maximum blank diameter 
to cup diameter. Single blanks of 
appropriate sizes are used to deter- 
mine, approximately, the limiting 
drawing ratio. Then the LDR is 


DANE 


Keep Your Product on the Move 


Copper brozing at 2060° F 


with ASHWORTH 
METAL PROCESS BELTS 


Whether it be copper brazing at 2060°, bright annealing, powder metal- 
lurgy or for operation in oil or water quench . . 
must go during processing, an Ashworth Metal Process Belt can take it. 
Consult your nearest Ashworth representative . . 
your belt problems, effect economies and keep your product on the move. 


. wherever your product 


. let him help you solve 


Illustrated literature available 
ASHWORTH BROS., INC., WINCHESTER, VIRGINIA 


SALES ENGINEERS: Atlanto, Baltimore, Boston, Buffalo, Charlotte, N. C., 
Dallas, Detroit, Fall River, Mass., Greenville, S. C., Louisville, New York, 
Philadelphia, Pittsburgh, Rochester, St. Louis, St. Paul, Tampa, Canadian Rep., 
Peckover’s Ltd., Toronto, Montreal. 


determined precisely by making five 
replicate tests at each of the appro- 
priate maximum and adjacent blank 
diameters. To insure consistent re- 
sults by different laboratories, testing 
must be carefully standardized. 

The blanks should be clean, free 
of burrs and have 0.02 in. removed 
from their edges by turning or grind- 
ing. They should have diameters 
appropriate for producing  incre- 
ments of 0.025-in. drawing ratios. 
The punch and dies should be 
hardened to Rockwell C-60 mini- 
mum, and have a surface roughness 
of 20 « or less (center-line system). 
The drawing speed should not ex- 
ceed 7 ft. per min. 

The suggested procedure calls for 
testing with a flat-headed punch. A 
punch diameter of 32 mm. +O 
—0.05) and an edge radius of 4.5 
mm. (+0.1) is recommended for 
sheets 0.3 to 1.2 mm. thick. Allter- 
natively, a 50-mm. (+0 —0.05) 
punch with a 5.0-mm. (+ 0.1) 
radius may be used for sheets 0.45 
to 1.2 mm. thick. The author con 
cluded that cup-drawing tests with 
flat-headed punches do not rate 
materials correctly for operations in- 
volving stretching of metal over the 
punch face, Thus procedures for 
using other punch-head shapes are 
contemplated. 

The dimensions (in mm.) tenta 
tively recommended for dies to be 
used with the 32-mm. punch are: 


SHEET ID oF Du 
THICKNESS Die Rapius 
0.30-0.43 33.204+0.05 4.3+0.1 
0.43-0.61 33.72 6.1 
0.61—0.87 34.44 8.7 
0.87—-1.24 35.48 12.4 


To allow for blank thickening 
during drawing, the radial die clear- 
ance should be 40 to 100% more 
than the original blank thickness. 
The blankholding loads should be 
constant within + 5% and 50 to 75% 
higher than that necessary to pre- 
vent wrinkling. Blanks should be 
centered to within 1% of the punch 
diameter. The maximum eccen- 
tricity between die and blankholder 
should be 5% of the minimum sheet 
thickness. The proposed standard 
cup-drawing test procedure de- 
scribes the characteristics of the 
mineral oil and additives to be used 
as the drawing lubricant. It recom- 
mends that the application be by 
immersion and draining to insure 
uniformity. (Continued on p. 274) 
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How Byers’ metallurgical contro/ program helps specialty stee/ users 


Quality-assurance provisions guard the uniformity, 
cleanliness and physical properties of Amballoy specialty 
steels. From raw material selection to delivery, a close- 
knit program of metallurgical control assures adherence 
to your most exacting requirements. 

The entire Byers operation—size, personnel, furnace 
practice, laboratory analyses—has the flexibility required 
to follow through each heat, every step of the way. No 
once-over lightlies, ever. 

We're talking about follow-through with magnetic 


Metallurgical control, every step ofthewyy Bon. BYERS COMPANY 


particle inspection. Supersonic reflectoscope testing. De- 
termination of inclusion content. Sampling. Quantitative 
expression of results. We’re riding herd on quality—in 
this phase—and every other phase of our steel-making 
process. 

You have every assurance that our high-grade spe- 
cialty steels—alloy, stainless and carbon—will be tailor- 
made to your requirements. We'd like to talk with you 
about them. Call ATlantic 1-8110 or write: A. M. Byers 
Company, Clark Building, Pittsburgh 22, Pennsylvania. 
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Grade B-280 


Reduced Iron Powder - 80 
One pressing at 30 TSI 
One sinter at 


2050°F-30M 
ze 27,500 PSI Tensil 


68,500 PSI Modulus 
Rockwell 85H 


Add 7°/, Copper 
40,500 PSI Tensil 
77,500 PSI Modulus 
Rockwell 50B 


PLASTIC 
METALS 


JOHNSTOWN, PA. 


Deep Drawing. . . 


The author presents information 
on the commercial press performance 
of 104 lots of sheet steel and the 
cup-drawing test ratings of samples 
representing each lot. The drawing 
operations were severe enough to 
require extra deep drawing grades of 
steel for satisfactory operation. The 
ratings of materials determined by 
cup-drawing tests correlated with 
press-shop results at least as well as 
other tests with longer histories. The 
few cases of disagreement could be 
caused by sampling difficulties. In 
this study, the limiting drawing 
ratios determined by round-bottom 
cups agreed better with shop data 
than did ratings based on flat-bottom 
cups. Nevertheless, the rankings 
determined with the two types of 
punches were highly correlated. The 
cup-drawing test indicated that alu- 
minum-killed sheet steels were supe- 
rior to rimmed steel. This finding 
corroborated opinions based on shop 
experience but not shown by tensile 


F. W. Boutcer 


tests. 


Welding Nickel and 
Nickel Alloys 


Digest of “Practical Welding 
Metallurgy of Nickel and High- 
Nickel Alloys”, by George R. 
Pease, Welding Research, Weld- 
ing Research Council, Vol. 22, 


July 1957, p. 330-334. 


review 


PAPER includes a complete 
of the art of welding 
nickel and nickel alloys. In 
ticular, it describes the effects upon 
weldability of 
which are commonly present in 
nickel and nickel Only 
columbium and magnesium have a 
effect the weld 
ability, whereas lead, sulphur, phos- 


pat 


various elements 


alloys. 


beneficial upon 
phorus, zirconium and boron are 
all extremely harmful. In addition, 
manganese, copper, chromium, iron 
and cobalt have no major effect upon 
the weldability of nickel, and alumi- 
num, titanium, carbon, molybdenum 
and silicon all have variable effects. 

Among those elements included as 
major alloying additions, copper 
forms a complete series of solid 
with nickel. 


solutions Therefore, 


PORTABLE 


most versatile Hardness Tester ever made! 


King Test Head 
in 30” base 


King Test Head 
with Chain Adopter 


King Test Head in 134” 
base with King Brinell Scope 


THE KING TEST HEAD CAN BE USED 
IN MANY INEXPENSIVE STANDARD ADAPTERS 


@ To test any size, shape or thickness of metal. 


@ Make guaranteed accurate on-the-spot tests—anywhere! 
Gap 10”—13'2"—30”. Throat 4’ easily carried. 
@ Loads from 62'2 Kg. to full 3000 Kg. 5mm or 10mm. Ball. 
e Will make tests in places no other tester can reach! 


Save time and money on all Brinell tests with 


KING PORTABLE BRINELL TESTERS 


Known the world over for accuracy and dependability 


Dept. MP-1058 


KING 440 N. 13th St., Phila. 23, Pa. 
Phones: WAlnut 5-248], 
TESTER CORPORATION Phones: WAlne 


Representatives throughout the world 
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Kaiser Aluminum ingots being prepared for “homogenizing” in Gas-fired furnaces prior to extrusion into aircraft parts 


© AS assures 


precision alloy extrusions at Kaiser Aluminum 


Gas plays a major role in the development of precision 
quality alloy extrusions for aircraft at the U. S. Air 
Force Heavy Press Plant operated by Kaiser Aluminum 
at Halethorpe, Maryland. 

With Gas, uniform temperature and controlled 
atmosphere keep molten aluminum flowing smoothly 
into casting equipment. The metal is cast into logs 
about 12 to 26 inches thick and 25 feet long. Gas-fired 
furnaces heat the logs to 1000° F and hold this tem- 
perature about 24 hours to homogenize the metal prior 
to extrusion. The long logs are cut into 58 inch billets, 
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placed on the press and extruded into various shapes. 

Again, Gas is used to heat the extruded shapes in a 
controlled atmosphere to impart the desired physical 
qualities in the alloys used. As in the melting process, 
Gas provides precise temperature control and close 
control of atmosphere within the furnace. 

For information on how Gas can help you in your 
production operations, call your Gas Company's in- 
dustrial specialist. He'll be glad to discuss the econ- 
omies and outstanding results Gas and modern Gas 
equipment provide. American Gas Association. 
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Welding Nickel . . . 


the alloy reacts as does pure nickel 
so long as nickel remains the major 
constituent. However, even in 90- 
10 Cu-Ni alloys, deoxidizers similar 
to those used for high-nickel alloy 
welds must be used. 

Chromium, the second of the 
major alloying elements, causes high- 
nickel alloys to hot crack when other 


elements, notably silicon, are pres- 
ent. Because of the strong tendency 
for chromium to form stable oxides 
and nitrides, such alloys are normally 
relatively free from porosity. Simi- 
larly, the presence of iron, another 
major alloying element, is not detri- 
mental to weldability; however, iron 
additions are normally made as ferro- 
alloys which contain residual quanti- 
ties of sulphur, phosphorus and 
possibly oxygen, all of which are 


5,106,250 LaBoRATORY DETERMINATIONS 
STILL GOING STRONG: 


A LARGE METALS PRODUCER REPORTS 
ON THE BAIRD-ATOMIC 
DIRECT READING SPECTROMETER: 


“During the past 10 years we have used the Baird-Atomic Direct 
Reader for spectrochemical analysis making 5,106,250 determina- 
tions in 377,350 tests controlling 70,920 heats. 

“Our laboratory costs, per determination, were reduced from 
91¢ by chemical analysis, to 4¢ with the B-A Direct Reader. 
Analytical time per test was reduced from 26 minutes to 5 min- 
utes, saving 2] minutes of furnace time (rated at $1.50 per min- 


ute), on every test. 


“Additional savings include: reduced loss of alloying elements 
— longer furnace lining life — increased efficiency in production 


planning — elimination of ‘off heats’. 


“Of course, the most important result is our ability to produce 
a HIGHER QUALITY PRODUCT for our customer.” 


This report on the B-A Direct Reading Spectrometer exem- 
plifies the long term reliability and substantial savings made 
possible by this unique, rapid method of spectrochemical analysis. 


For information on how you can reduce costs with the B-A Direct 


Reader, write to: 


Baird-Atomic, Inc. 


¥ Baird 


33 UNIVERSITY RD., CAMBRIDGE 38, MASS. 


far Refter Hrnalysis 


deleterious to weldability. Cobalt, 
also a major alloying element, has 
no effect when present in very small 
quantities. Sufficient data is not 
available concerning the effect of 
large quantities of cobalt. Molyb- 
denum, the last of the major alloy- 
ing elements, produces a two-phase 
system when present in larger quan- 
tities. Alloys containing 20 to 30% 
molybdenum are somewhat crack 
sensitive, whereas, in single-phase 
nickel-molybdenum alloys, the crack 
sensitivity is reduced. 

Carbon, a minor alloying element, 
has a variable effect upon the weld- 
ability of nickel alloys depending 
upon the presence of other elements. 
However, graphitic carbon present 
in the heat affected zone is normally 
found intergranularly and, there- 
fore, presents a structure which is 
weakened and may fail in service 

As in the 
alloys, 


instance of iron-base 
titanium and columbium 
preferentially deplete the carbon 
content of chromium-bearing high- 
nickel sufficient 


stabilization to insure adequate cor- 


allovs; however, 


rosion resistance does not always 
occur. The effect of manganese can 
usually be ignored unless the con- 
centration is well in excess of 4%. 
However, in nickel-chromium weld 
metals containing about 25% iron, 
the resistance to weld hot cracking 
is sometimes attributed to the pres- 
ence of manganese. 

Another minor alloying element, 
magnesium, forms a_ stable high- 
melting sulphide preferentially to the 
extremely low-melting nickel  sul- 
phide eutectic. This property of 
sulphur fixation is normally more 
effective on inert-gas-shielded weld- 
ing than in metal-arc welding with 
coated electrodes due to the high loss 
of magnesium in the latter. 

Silicon, one of the more detri- 
mental of the minor alloying ele- 
ments, normally increases the hot 
cracking tendency. Columbium is 
added in quantities of 4.5 to 8 or 9 
times the silicon content to counter- 
act its effect. Zirconium-nickel 
alloys are classified as being non- 
weldable due to the extremely high 
hot crack sensitivity induced by only 
a few tenths of 1%. Aluminum is 
added to act as a deoxidizer, but 
when it is present in sufficient quan- 
tities, the hot cracking sensitivity 
is increased. Titanium, which is 
added to reduce porosity can, in 
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Production cutting of bar stock 
on a HILL ACME 8Bar-Bil/et Shear 
with auxiliary automatic feed 


The nearest thing to automation 
achieved so far in the production cutting 
of bar stock is the HILL ACME BAR- 
BILLET shear with auxiliary automatic 
feed. With one man as standby observer, 
bars are fed automatically from the rack 
to the roll feed mechanism. Automatic 
stops on the billet shear predetermine 
the length of cut. 


On ideal installations bars travel from 
steel storage on conveyors through the 
billet shear to tote boxes without being 
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touched by hand. 
HILL ACME BAR-BILLET shears have 


proven to be the most efficient, econom- 
ical and trouble-free units on the market 
today. With the exclusive outboard 
support on the drop-off side, square, 
accurate cuts are assured. These high 
production shears are built in a variety 
of sizes to meet every cutting need up to 
9” in rounds. A new bulletin covering 
all details of construction and operation 
is now available. 


The 


HILL ACME 


Company 


MANUFACTURERS OF: 

“CANTON” ROTARY SCRAP SHEARS ®@ ALLIGATOR SHEARS ®@ BILLET 
SHEARS @ “HILL” GRINDING AND POLISHING MACHINES © 
HYDRAULIC SURFACE GRINDERS ®@ “ACME” FORGING ® THREADING 
@ TAPPING MACHINES ® “CLEVELAND” KNIVES & SHEAR BLADES 


1201 West 65th St., Cleveland 2, Ohio 
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SAVE FUEL, 

REDUCE COSTS 

ON YOUR FORGING 
OPERATIONS 

WITH . 


READY-TO-INSTALL 


PRE-PIPED UNITS 


Provide faster, more uni- 
form heat distribution 

* Boost furnace efficiency as 
much as 100% 

® Eliminate flame impinge- 

ment 

Cut scaling to a minimum 

Increase die life 

Save on fuel 

Give greater operator com- 

fort 


Whether you're building a new forg- 
ing furnace or rebuilding an old one, 
KOZMA RADIANT ROOF PANELS will 
cut your construction and operating 
costs! 


Panels consist of radiant cup-type 
burners mounted in a one-piece re- 
fractory tile, ready for quick, easy 
installation. 


High speed combustion permits in- 
stallation of pane! closer to work. 
Intense heat radiation, plus faster, 
more uniform heat absorption can 
greatly reduce required heating time 
per piece. 


Kozma Radiant Roof Panels are ovoil- 
able in a wide range of sizes to meet 
your specific requirements. 

WRITE FOR COMPLETE INFORMATION! 


247) WYOMING 
OFARBORN. MICHIGAN 


“Industrial Processing - Furnaces 
Since 1928” 


Welding Nickel . . . 


larger quantities, behave in a man- 
ner similar to aluminum. 

Additions of boron in the range 
of 0.03 to 0.10% improve high-tem- 
perature mechanical properties, but 
weld metals become very hot crack 
sensitive. Sulphur, another ex- 
tremely deleterious element, is very 
dangerous because it may be intro- 
duced into the weld metal by such 
innocuous items as crayon markings 
and cutting lubricants. The pres- 
ence of sulphur results in the forma- 
tion of intergranular sulphide films. 
Lead is about as dangerous as sul- 
phur, but because of the very much 
smaller opportunity for contamina- 
tion by lead, damaged welds are 
much less frequent than those caused 
by sulphur. Phosphorus also reacts 
as does lead and sulphur, causing 
servere hot cracking. 

The gaseous elements, oxygen, 
nitrogen and hydrogen, are harmful 
to welds in nickel nickel-base 
alloys only insofar as porosity is 
concerned. 


M. L. Konn 


Mechanically Polished 
Surfaces 


Digest of “The Nature of 
Mechanically Polished Metal 
Surfaces — Deformation Pro- 
duced During Abrasion of 18-8 
Type Austenitic Steel’, by L. E. 
Samuels and G. R. Wallwork, 
Journal of the Iron and Steel 
Institute, Vol. 186, June 1957, 
p. 211-218. 


T IS WELL KNOWN that the structure 

of metallographic specimens at 
the surface to be examined is often 
seriously affected by the cold work- 
ing involved in cutting and polishing 
the surface. The results of an Aus- 
tralian study of the magnitude of 
these effects produced by various 
methods of machining and abrasion 
on an austenitic stainless steel have 
recently been published. The steel 
contained 0.06% C, 19% Cr and 
10.5% Ni, and was in the form of 
a %-in. round bar. Discs cut from 
this bar were quenched from 
1920° F., heavily pickled, and 
polished by a method known to 
produce surfaces completely free 
from deformation effects. 

These surfaces were then abraded 
by various grades of silicon-carbide 


MEASURE 
TEMPERATURES 


PYRO 


OPTICAL 
PYROMETER 


Instantly meas- 
ures temperatures 
of minute spots, 
fast moving ob- 
jects, smallest 
Streams. Stock 
ranges from 1400° 
F to 7500° F. 


Send for free catalog No. 85. 
and 
PYRO 


SURFACE 
PYROMETER 


Quick-acting, pre- 
cise, with easy-to- 
read 434” dial. Five 
standard ranges — 
0° to 300° F to 0° 
to 1200° F for sur- 
face and sub-sur- 
face temperatures. 
All sub-zero and 
special ranges. 


Send for free catalog No. 168. 


INSTRUMENT 
INC. 


BERGENFIELD 8, NEW JERSEY 
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Phosphating processes now 


available...to fit any production 


or cost requirement! 


New Turcoat concept puts 


better paint adhesion within the 


reach of everyone! 


In the past, phosphating processes —due to their high initial 
costs — have principally been utilized only by the larger 
plants. Realizing the need for better paint adhesion and 
corrosion resistance among many plants who have not pre- 
viously utilized phosphating, Turco has broadened its 
Turcoat line and now offers—for the first time—phosphating 
processes that can be tailored to fit your individual produc- 
tion and cost requirements. Turcoat processes currently in 


TURCO PRODUCTS, INC. 


Chemical Processing Compounds 
6135 So. Centro! Ave., los Angeles 1, Colif 
Offices in all Principal Cities 
Mig. in Conoda by B. W. Deane & Co., Montreo! 
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use range from small, inexpensive 3-tank set-ups all the way 
to elaborate 1 1-stage spray washing systems. With Turcoat, 
paint is anchored uniformly... permanently. Should acci- 
dental gouging occur, there is no corrosion “creep-back” 
under the paint. Turcoat systems quickly pay for themselves 
by slashing number of rejects and other problems involved 
in improper preparation, by minimizing packing and crating 
costs, by establishing and assuring customer preference. 


FREE PHOSPHATING ANALYSIS KIT! 


Determine how your products are adaptable to phosphating 
and to the many paint adhesion advantages it offers. 
No obligation. 


TURCO PRODUCTS, INC., 6135 So. Central Ave., Los 
Angeles 1, Calif. 


Please send free Phosphating Analysis Kit 


Please send field engineer for on-the-job survey 
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Forty 50 Ib. cartons in 
one master pack: easy 
to store, easy to inven- 
tory, easy and safe to 
handle. NoExtraCost 
to you. (Also in con- 
ventional 100 Ib. or 50 
ib. bags.) 


A free, no-obligation, 
lab analysis on your 
blastcleaning effi- 
ciency. See where your 
money goes. No Cost 
to you. 


ABOUT OUR ABRASIVES? 


WHY NOT? 


That's all we make. Just abrasives. We make no clean- 
ing machinery. We do no business in replacement 
parts. All we make is abrasives. Have to make ‘em bet- 
ter or we can't eat regularly. (And we've been eating 
mighty well lately.) 


@®CONTROLLED “'T" (chilled) is made out of selected, 
high priced steel scrap, to a metallurgical formula that 
produces high carbide content(—hence its terrific cut- 
ting action) and these carbides are in a unique ductile 
matrix(—that deforms instead of shattering) to produce 
substantial maintenance savings, and exceptionally 
long abrasive life. 


@PERMABRASIVE is the only pearlitic malleable shot 
and grit on the market. It will outperform steel, because 
of its faster cutting action, thus saving you substantial 
sums in time. It will outperform ordinary annealed shot 
and grit, because of its much longer life, thus saving 
you substantial sums in abrasive costs. Furthermore— 
all NATIONAL CONTROLLED ABRASIVES are pro- 
duced to a UNIFORM STANDARD, you can count on 
the same performance every time. 


Brag? We've got something to brag about. And we 
can prove all this without a test, without upsetting 
your routine. 


@ USERS SAY 
“Test with PERMABRASIVE against (blank) annealed 


abrasive is completed. PERMABRASIVE shows 25% 
advantage .. . 9.1 Ibs. per wheel-hour against 12.0 Ibs.” 


“Results of this test show a cost of $10.689 per wheel- 
hour for CONTROLLED “T" vs $18.610 for (blank) 
chilled shot, or a savings of approximately 49%." 

“A nine-week run was made on “T" shot and a ten-week 


run on ordinary chilled ... Results: 14.4 Ibs. per wheel- 
hour on “T" Shot, 28.0 Ibs. on chilled.” 


Sold Exclusively by 


HICKMAN, WILLIAMS 


& COMPANY (iInc.) 
Chicago - Detroit - Cincinnati 
- St. Louis - New York - Cleve- 
land - Philadelphia - Pittsburgh 
Indianapolis 


Exclusive West Coast 
Subdistributors 


BRUMLEY-DONALDSON 


COMPANY 
Los Angeles - Oakland 
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Polished Surfaces . . . 


and emery papers, both fresh and 
used, with an approximately con- 
stant pressure around 500 g. per 
sq.cm. Subsequently, they were 
prepared for examination by a spe- 
cial method of taper sectioning and 
polishing, described in previous 
papers to which references are given, 
that enabled the depth of disturbed 
metal below the abraded surface to 
be measured accurately after electro- 
lytic etching in 10% oxalic acid. 
The deformation of the stainless 
steel used in this investigation was 
clearly shown by the appearance of 
parallel dark streaks of martensite 
after this etch. Tests of the steel cold 
compressed various amounts indi- 
cated that this appearance is first 
detected after 1% compression and 
becomes steadily more prominent 
after compressions up to 0%. 

Photomicrographs, illustrating the 
deformation detected in this way 
beiow the abraded surfaces, show a 
very thin superficial laver heavily 
deformed, and beneath it a thicker 
layer with comparatively low strains. 
Both scratch depth and the thick- 
ness of the deformed layer were 
greater with fresh than with worn 
abrasive paper, but after use for a 
few hundred strokes longer use made 
very little difference. Using lighter 
pressure in the abrasion also made 
no significant difference in the depth 
of scratches or deformation. Tests 
of various grades of abrasive paper 
indicated a deformation depth about 
5 to 10 times higher with silicon- 
carbide papers than with emery 
papers of corresponding fineness. 
With coarser grades, No. 220 or 1/0, 
the scratch depths were nearly the 
same for both kinds of paper, and 
also the deformation depths; but 
with finer grades, No. 600 or 4/0, 
the depth values for silicon-carbide 
were much less than for emery, 
even though abrasion was 10 times 
faster. A wax lap containing 10 to 
204 alumina gave much shallower 
scratches and somewhat shallower 
deformation than the 600-grade 
silicon-carbide paper, with an abra- 
sion rate intermediate between it 
and the 4/0 emery paper. 

The deformation produced by 
various machining methods of pre- 
paring flat metallographic specimens 
was also studied in the same way. 
(Continued on p. 282) 
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the new Leitz MICR O-ME TALLOGRAPH 


engineered specifically for modern industry 


Availability of a Le Chatelier type LEITZ MICRO-METALLOGRAPH has been eagerly awaited by 
industrial scientific laboratories. With this new instrument, precise details of metallurgical speci- 
mens may be viewed simultaneously on the 30” projection screen as well as through the binoc- 
ular observation tube. The newly-developed, powerful XENON lamp provides ample illumination 
to permit observation in a normally lighted room. Photomicrography of specimens is quickly 
and easily accomplished with pre-aligned 5” x 7” camera or, if desired, a Polaroid-Land 4” x 5” 
camera back. Engineered specifically to meet the needs of the modern, metal working industry 
the new LEITZ MICRO-METALLOGRAPH “sets a new standard for metallurgical observations.” 


@ Inverted microscope stand with mechanical stage, coarse and fine focusing 

@ Xenon jamp with 7 filters in push-button, quick-change mounts 

@ Eye pieces with 30% wider field, in binocular tube 

e@ New, “Plano,” flat-field objectives from 3.2 to 160x 

@ Projection and viewing screen in cast housing, 30” diameter 

@ Special 5”x7” camera with adaptor for attaching Polaroid-Land 4”x 5” camera back 


See this new instrument at the National Metal Exposition, Cleveland (Ohio) Public Auditorium, booth number 
1326, North Exihibit Hall, Oct. 27-31. 


E. LEITZ, INC., Dept. MP- 
P 468 Fourth Avenue, New York 16, N. Y. 
Seitz Please send me additional information on the new MICRO- 
METALLOGRAPH, Model MM. 
FIRST IN PRECISION OPTICS Name 


Street 


INC... 4686 FOURTH AVENUE. NEW YORK 16.N.V 
Oistrib’utors of the wortd-tamous products of 
Ernst leit2 G mbH Germany Ernest Canadgattad 


LEICA CAMERAS - LENSES - MICROSCOPES - BINOCULARS 


OCTOBER 1958 


‘ 
» A ~ - \ 
. | 
e 
| | 
! 
wee 
281 


Polished Surfaces . . . 


Filing and turning gave two de- 
formed layers as described above for 
abrasion, but the amount of marten- 
site indicated a magnitude of de- 
formation strain exceeding that 
produced by 20% compression. 
Grinding produced a confused and 
irregular deformed structure inter- 
preted as austenite, which would 
imply that the steel near the surface 


martensite formed mechanically. 
Evidently mere abrasion does not 
produce such temperatures except 
perhaps very superficially. 

These machining processes gave 
deformed layers 34 to 46x deep, 
comparing with 2 to 64 for the metal- 
lographic abrasive papers. Abrasion 
with 100 or 150-mesh belts gave de- 
formed layers 12+ thick. 


When abrasive papers are fresh, 


had reached a temperature above 
390° F. to transform the streaks of 


furnace for 
Photo courtesy Taylor Forge & Pipe W orks. 


Multiple car type aging and annealing 


| and stainless steel. 


Increase Production...Lower Production Costs with 


LOFTUS industria FURNACES 


For years Loftus Industrial Fur- 
naces have been providing depend- 
able, economical service to all the 
metal industries.‘'Their long life and 
efficient performance have been 
proven by time. The fact that they 
materially contribute to lower cost 
operation and increased production 
is a matter of record. 

Whatever your melting, heating 


or heat-treating requirements, it 
will pay you to take advantage of 
Loftus’ long experience in furnace 
design and construction. Many of 
the world’s leading companies have 
—and to their utmost satisfaction, 
as proved by the high percentage of 
repeat orders. We would welcome 
an opportunity to quote on your 
requirements. 


ind bats | OF TUS 


SALES OFFICES IN PRINCIPAL CITIES 


56.24.4—A 


| Gateway Center, Pittsburgh, Pa. 


they produce deformation layers that 
are too deep, and when too worn, 


the abrasion rate is too slow. Thus 
they work best when middle-aged. 
A comparison of the data on abrasion 
rates and scratch and deformation 
depths for the various grades of 
paper shows that, a half minute on 
each paper is generally sufficient 
to remove the metal deformed by the 
prey ious paper. But a period only 
twice as long as the time required 
to remove pre-existing scratches is 
inadequate. 

Final polishing on a napped cloth 
wheel, driven at 300 rpm using about 
200 g. per sq.cm. pressure, was also 
studied. The polishing rates for 
various media ranged from about 64 
per min. for 600-mesh alumina to 
less than 0.14 per min. for magnesia. 
Fine diamond powder was somewhat 
less efficient than the 600-mesh 
alumina. For removal of the abra- 
sion deformation 1.5 to 2.54 deep, 
produced by fine silicon-carbide 
paper or the wax-alumina lap, 0.3 to 
0.4-min. rough polishing with fine 
diamond or 600-mesh alumina pow- 
der was required. Corresponding 
times with levigated alumina (0.1 
to 0.34) were 1.5 to 5.1 min., with 
magnesia over 15 min., and with 
electrolytic polishing using _per- 
chloric acid and acetic anhydride 5 
min. After abrasion by emery 
papers, which left a deformed layer 
Au deep, these times were about 2' 
times as long. Rough polishing be- 
tween abrasion and final polishing is 
therefore recommended for efficient 
removal of the deformed laver. 

Probably much of the disturbed 
metal that has been found by various 
metallographers in polished  speci- 
mens was formed in the preliminary 
machining. Thus, more attention is 
urged and some care is necessary 
during the first abrasion step, where 
a comparatively fresh coarse silicon- 
carbide paper should be used, pre- 
ferably with a mechanized wheel, to 
give an abrasion rate above 9u per 
min. The various steps in the 
preparation of metallographic speci- 
mens, including this first abrasion, 
should be designed .to remove 
the layer of previously deformed 
metal, and not merely the previous 
scratches. 

The depth of this layer in various 
alloys, deformed by similar abrasion 
processes, is roughly inversely pro- 
portional to the hardness. For in- 
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Fanstee! Metallurgical Corp.: Operator loads sintering furnace with trays of FASTELL™ heavy duty electrical contacts. 


Critical sintering temperatures a problem? 


Not at Fansteel Metallurgical Corp., where Speedomax" H is regulating moly heaters and simplifying 
control of critical sintering temperatures. With temperature dependent upon load density and compact 
composition, Fansteel depends upon experience for the right temperature . . . upon Speedomax H for 
control reproducibility. Rugged, compact and completely reliable, this controller continuously regulates 
power input to moly heaters .. . holds furnace temperature well within specified limits. Speedomax H is 
providing the same dependable control on numerous heat treat processes ... is helping produce both 
process economies and a quality product. Whatever your heat treat, it'll pay you to investigate 


Speedomax H! For details, contact your nearest L&N office or write 4927 Stenton Ave., Phila. 44, Pa. 


Automatic Controls + Furnoces 


“H"' C.A.T. control brings furnace from 900 to 1300 C in 16 minutes without over- 
shoot or hunting. Magnetic amplifiers are conveniently mounted on pane! back. 
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Polished Surfaces . 


stance, the steel here discussed was 

2.9 times as hard as a 70-30 brass 

previously tested in the same way, 

and the deformed layers were three 

to six times as deep in the brass as in 
; the steel abraded under repectively 

similar conditions. 

Gerorce F. Comstock 


Metals at 


to the complex field of high-tempera- 
ture metallurgy. The author urges 
that accessory effects which contrib- 
ute to metal instability may be as 
important as ultimate temperature, 
exposure time, and applied stress 
levels in predicting behavior. 
Materials capable of performing 
reliably should be selected through 
careful consideration of changes 
metal behavior with temperature. 
As temperature is raised, the elastic 
constants, elastic limit, proof stress 
and tensile strength of typical metals 
are reduced — slowly at first and 
then rapidly at higher temperatures. 


dislocation 
ordinary crystal slip. 


tures is movement or 
Grain bound- 
ary movement is a minor phenom- 
enon in materials having sufficient 
strength to be of interest to the 
engineer. The initial distribution of 
dislocations and the removal rate of 
work hardening play a great part 
in creep characteristics and can be 
varied considerably by slight modifi- 
cation of the material. 

For resisting alloys 
there appears to be an approximate 
relationship between stress for frac- 
ture under 
time 


some creep 


steady load in a 


and fatigue 


given 
stress for fracture 


Elevated Temperatures 


sive 


Digest of “The Engineering movement can 
Properties of —— at High 
Temperatures” , by N. P. Allen. 
Published in BEHAVIOR oF MET- 
ALS AT ELEVATED TEMPERA- 
TURES, Philosophical Library, 
New York, 1957, 122 p. $6.00. 


ronment and the 


the rate of strain. 


( sreep 


RITTEN PRIMARILY for engineers 
interested as much in the causes 
of metal degradation high- 
temperature environment as in the 
effects of degradation, this paper 
serves as an excellent introduction 


ening and 


The coefficients of expansion gener- 
ally rise with temperature. 


loads under high-temperature envi- 
resistance 
metal becomes highly dependent on 


characteristics at 
temperatures are described as a pre- 
carious balance between initial hard- 
subsequent 
effects. The softening process is pre- 
dominent as temperatures or total 
strains become high. 
of strain occurring at high tempera- 


This fortunate 
circumstance suggests that materials 
developed for high creep strength 
may exhibit desirable 
acteristics. 


using the same time. 
Exten- 
occur at low 


fatigue char- 


of the 
The important concepts of stress 


fluctuation caused by temperature 


high gradients and changes are also dis- 
cussed. Under continuous heat flow 
conditions and elevated loads, creep 
within a structure may redistribute 
stresses so that the hottest portion 
carries relatively little load. Under 
conditions of thermal shock, such as 
masses suddenly exposed to a differ- 


softening 


The majority 


THIS NATIONAL FONTAR® BORESCOPE 
BRINGS YOUR EYE TO “THE INACCESSIBLE” 


Permits bright, close-up inspection within any bore, 
threaded hole, recess or interior surface. If there is 
a point of entry .10” diam. or larger, a National 
Fontar Borescope facilitates critical examination for 
defects in interiors of aircraft engines, for example, as 
well as tubing, castings, machined or welded parts. 
Brightly illuminated vision through this instrument can 
be provided straight-forward, forward obliquely, at 
right angle or retrospectively. 

The area you might want to inspect may only seem 
inaccessible. A National Borescope can bring it into 
bright, sharp vision for you. Use it to minimize rejects, 
save disassembly costs, for better quality control and 


REVCO Sub-Zero 


© for shrink fits 

© for seasoning gauges and tools 
for testing for research 

© for processing to —140° 


Model 
Cooler (shown) equipped 
with 90 rivet canisters, tem- 
peratures to —30° F. 
60 cycle, single phase. 

Model SZH153 with tem- 


peratures to —95° F. 110V; 
60 cycle, single phase. 


lower costs. *& * * * * * Model SZH653, larger 
temperatures to 
— 85° 110V, 60 cycle, 


single 


Model SZHC657. Same 
SEND . VERRWORY OPEN capacity as SZH653 but attains 
FOR NEW FACTORY AGENTS WANTED temperature as low as —140° F, 
ILLUSTRATED y 220V, 60 cycle, single phase. 
CATALOG AL Refrigeration: Model SZHC657 operates with 


3 Tecumseh hermetic compressors in a two system cascade. Other 
Sub-Zeros use 2 hermetics in a two stage system. Rivet Cooler operates 
with single hermetic unit. 
cooled condensers — no liquid coolant required. Write Today for Full 
Specifications and Prices. 


RSZ503_ Rivet 


110V, 


All models equipped with efficient fan- 


4 Description 


Temp. Range 
Rm. 70° 


Outside Dim. _inside Dim 
Rm.110° W H LW H 


Model Cu.Ft. 


Sub-Zero 


SZH153 15 —95°F. 


—85°F. 42” 28” 42%" 23” 9 12\4”" 


Sub-Zero 


SZH653 


( ENGELAHARO 44 £9 Fe / IN a ) 


NATIONAL ELECTRIC INSTRUMENT DIVISION 


65 —85°F. —75°F. 60° 28” 42%” 47” 
Sub-Zero SZHC657 65  -—I140°F. —125°F. 60” 28” 42%" 47” 15” 16” 
Rivet Cooler RSZ503 5.0 —30°F, —20°F. 42” 28” 41” 30” 16” 18” 


92-21 Corona Avenue Elmhurst, N. Y. 
SUPPLIERS TO THE AEC AND MAJOR INDUSTRIALS 


REVCO, Inc. 


Setting Trends in Refrigeration since 1938 


Deerfield, Michigan 
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EXTRUSION * CASTING * FORGING + FABRICATION 


for new levels of Corrosion Resistance 
in standard stainless steels 


EXPECTED SERVICE LIFE OF TYPE 304 STAINLESS TUBING 
UNDER CORROSIVE CONDITIONS (80% OF ORIGINAL THICKNESS) 


CURMET AVERAGE 15.4 


AVERAGE 
CONVENTIONAL 
PROCESSING 


Tests by three CurmeT customers* confirm the findings of Curtiss-Wright’s own 
Metals Processing Division laboratories: CurmeT extrusion imparts substantially 
greater corrosion resistance to stainless steel alloys. 

For the results shown graphically above, test samples of conventionally wrought 
and CurmeT extruded material were subjected to the standard boiling nitric acid 
(Huey) test in accordance with ASTM specification A-262. 

The tests were made in relation to requirements for nuclear power installations of 
tubing and fittings. The increased service life that can be expected with CurmeT 
processed stainless is attributed to a homogeneous micro-structure not attained by 
other methods of conversion. It is achieved at no sacrifice in tensile strength, 
ductility, impact strength or other property affecting performance of the product. 


*Names on request 


FOR FULL INFORMATION, WRITE TO: 


METALS PROCESSING DIVISION CURTISS-WRIGHT CORPORATION 
760 Northland Avenve Buffalo 15, New York 


i 
| | 
20 
18 
4 
12 13.4 
8 
4 
2 4 f 
TEST A Tes’ TEST 
ON ON ON 4 
CURMET CURMET CURMET 
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High Temperature . . . 


ent temperature environment, the 
thermal stresses are greatest at the 
surface of the mass and are propor- 
tional to the temperature gradient. 
If the material is brittle, fracture 
occurs at a place and time which can 
be theoretically approximated by 
calculation. If the material is duc 
tile, thermal stresses may be redis- 
tributed by local yielding. The struc- 
ture behavior then depends on the 
ability of the design to accommodate 
dimensionally the warpage resulting 
from varying temperatures within 
the mass. Fracture from thermal 
stresses in a ductile material would 
not be expected unless cyclic thermal 
conditions promote the equivalent of 
a fatigue test. Ductile materials with 
the highest fatigue strength are not 
necessarily most desirable under 
cyclic temperature conditions, but 
metals capable of the greatest re- 
peated strain may be preferred. 
Metals exposed to high-tempera- 
ture environments and_ elevated 


stress levels are usually also exposed 
to attack by the environmental 
atmosphere. This attack may take 
two forms: solution of the atmos- 
phere components in the metal, or 
formation of surface reaction 
product. For many of the newer 
alloys, such as chromium, titanium, 
zirconium and columbium-base al- 
loys, this absorption of atmospheric 
gases may be vitally significant. No 
metal has a chance to survive at 
high temperatures unless any sur- 
face scale which forms is continuous, 
adherent, and resistant to diffusion. 
Ideally the continuity of the scale 
should resist cyclic heating and cool- 
ing stresses, alternating reducing and 
oxidizing conditions, and the forma- 
tion of any product molten at service 
temperatures. In addition, the ideal 
surface scale should remain continu- 
ous under mechanical deflection or 
alternating stresses. 

Desirable heat resistant metals 
can be developed by placing obsta- 
cles in the way of dislocation move- 


ment and elevating the annealing 
temperature of the metal. Move- 


ment of dislocations can be impeded 
by the precipitation hardening proc- 
ess, but for this to be effective the 
precipitate must resist both overag- 
ing and re-solution at the service 
temperature. The annealing tem- 
perature can generally be raised by 
alloying with solid solution additions. 
At present, optimum additions must 
be found experimentally. 

The effect of cold working to in- 
crease high-temperature strength 
depends entirely upon the relation of 
service temperature to the anneal- 
ing temperature of the material and 
the amount of cold work that is used. 
For high-temperature exposure, cold 
work may be undesirable because it 
lowers annealing temperatures. 

Generally a coarse grain improves 
high-temperature strength and creep 
resistance. At high temperatures, 
grain-boundary movement, while 
accounting for only a small portion 
of total creep, is an important cause 
of fracture. High-temperature grain- 
boundary fractures begin at stress 
concentration points produced by 
boundary movement. Hard parti- 


standing Luncheon will be highlighted by fast-paced 
award ceremonies and a featured speaker. ASM 


| 


American Society for Metals 
Awards Luncheon Department 
| 7301 Euclid Avenue 
| Cleveland 3, Ohio 
| $4.00 per person—tables seat 1/0. 


| Please reserve tickets: 


A notable event of Metal Show Week 
will be the 3rd ASM Annual Awards Luncheon to 
be held Tuesday Noon, October 28, 1958 at Hotel 
Cleveland’s Wedgewood Grand Ballroom. This out- 


President G. M. Young presides. 


Last year 600 top-flight engineers and executives attended. 
Make reservations now—tables reserved on a first come basis. 


| 
Enclosed $ 
| will pick them up at the | 
door: { } Street | 
Please mail them to me: ( } | 
City Zone State | 
Tickets may also be purchased at Show Registration Desks at | 
the Statier-Hilton Hotel, Cleveland Motel, and at Cleveland | 

Public Hall (during show hours) 
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Lithium and the 
lighter alloys... 


The lighter side of metallurgy is characterized by lithium-bearing 
alloys, particularly for advanced scientific applications 

The exceedingly important, properties accruing to these special alloys 
by the inclusion of lithium, and described here, further indicate the 
unique role of lithium metal in making laboratory 

probabilities commercial possibilities. 


THE DOW CHEMICAL COMPANY 


Ballistics is making good use of the ductility, alloy can replace '4" steel—yet is 4 lighter. 
toughness, and very low densities achieved by Dow Chemical’s interest in the cubic struc- 
alloying lithium with magnesium and alumi- ture of magnesium-lithium alloy led to modi- 
num, In gages under 1” it has proved to be fying the basic binary system by the addition 
effective as armor plate, absorbing energy of a third element —aluminum— producing a 
and preventing fragmentation. More im- very high streneth-to-weight ratio. 

portant, 1” of magnesium-lithium-aluminum 


ALCOA 


ume ALUMINUM COMPANY OF AMERICA 


Jet aircraft traveling 1600 mph at operating new X2020 aircraft alloy utilizes the rare- 
altitudes develop “skin” temperatures of ap-  carth element lithium to push ahead the 
proximately 350° F. Conventional aluminum — thermal barrier in supersonic aircraft by about 
alloys employed in aircraft construction begin 100° F. Not only does it serve to maintain 
to lose physical properties in the 250-350" I aluminum’s strength at high temperatures, 
range, limiting their usefulness to speeds be- but this aluminum-lithium alloy is 3°) lighter 
low 1300 mph. Stainless steel and titanium and has 8°) greater modulus of elasticity 
are alternate solutions but add immensely to — which adds to structural stiffness 

cost and weight of airframe structures. Alcoa's 


General Plate Division 
METALS & CONTROLS CORPORATION 


Lithium is also used as a deoxidizer stronger deoxidizer than phosphorus, previ- 
in the gold melting process to pre- ously used. Polishing, formerly difficult due 
vent the contamination of molten to particles resulting from the oxide of phos- 
gold by oxygen in the pouring operation phorus, was simplified. 
Metals & Controls found lithium metal a 


Cooperative research on special lithium alloys is available to interested LI T H | U M C 0 B PO n ATI 0 N 


parties under our joint working agreement with Brooks & Perkins, 

Incorporated of Detroit, fabricators of magnesium and other light OF AMERICA, INC. 
metals. Letterhead inquiries should be addressed to our Technical 1126 TITLE INSURANCE BUILDING 
Service — Sales Department. MINWEAPOLIS 1, MINNESOTA 
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High Temperature . 


cles precipitated in grain boundaries 
may act as keys delaying boundary 
movement or the hard particles 
themselves may be the source of 
stress concentrations promoting frac- 
ture. Grain-boundary fracture is 
noticeably influenced by minor im- 
purities in the metal. If the impur- 
ities are removed, the alloy hardness 
can be elevated without serious harm 
to the ductility at high temperatures. 
D. W. 


BERYLLIUM, THE METAL 


39 authorities are represented 
in this volume. Includes the im- 
portance of beryllium, reduction 
to metal, processing, fabrication, 
brittleness problem, corrosion 
cermets and ceramics and health 
hazards. 700 pages — 6x9 — red 
cloth — $8.00. Clip and send to 
ASM Technical and Engineering 
Book Information Service, 7301 
Euclid Ave., Cleveland 3, Ohio. 


Mechanism of Banding 


Digest of ‘The Mechanism of 
Formation of Banded Struc- 
tures”, by Paul G. Bastien, Jour- 
nal, Iron and Steel Institute, 
Vol. 187, December 1957, p. 281- 


ince the contributions of Stead 

(1915) and Howe (1916), it 
has generally been agreed that the 
structure known as “banding” in me- 
chanically worked low-carbon steels 
derives in some manner from den- 
dritic segregation of elements, par- 
ticularly phosphorus, in the original 
ingot. Stead’s theory postulated 
that, during cooling through the 
transformation range, the phosphorus 
which concentrates in the interden- 
dritic spaces displaces the carbon 
towards the axes of the primary 
crystals. In the worked steel, ac- 
cording to this theorv, the elongated 
“bands” higher in phosphorus thus 
tend to be denuded of their carbon 
and appear essentially as ferrite 
(etching white) while the regions 
which were originally ribs or arms 


of dendrites are left with more car- 
bon as pearlite. 

This explanation appeared to re- 
ceive support in later years by the 
demonstration that phosphorus does 
in fact, lower the solubility of carbon 
in alpha iron. However, the theory 
was hard pressed to explain why the 
extent or intensity of banding usually 
diminishes as the cooling rate is in 
creased, but reappears on fresh 
heat treatment involving a slow cool. 
Again, difficulties are presented by 
the banding occasionally observed 
in low-phosphorus steels and by 
structures sometimes noted in low- 
alloy steels, cooled at particular rates, 
where pearlite and bainite alternate 

Workers in this present decade, 
the French notable 
provided satisfactory modifications 
and elaborations of Stead’s original 
thesis so that the 
banding in general can be explained. 
Mr. Bastien is eminently fitted to re 
view this work as he has figured 
prominently in many of its phases. 

Modern techniques which have 
thrown light on the problem include 


among them, 


mechanisms of 


LAKESIDE 
SERVES 
ALL 
INDUSTRY! 


IF you have any heat treating 


problems, contact Lakeside Steel 
Improvement Co. 
have the best scientific facilities 
to provide you with a wide range 
of specialized services. Our expert 
metallurgists supervise each job, 
using the latest testing techniques. 
No matter what your heat treating 
job is, it will pay you to call on 


° ing. 
Lakeside today! *LICENSED PROCESS 


You'll find we 


Our Serwices: 


Flame Hardening’ — Bar 
Stock 
Straightening (mill lengths 
and sizes) — Carbonitrid- 
ing — Heat Treating — 
Annealing — Electronic In- 
duction Hardening — Stress 
Relieving — Normal- 
izing — Carburizing — 
Pack, Gas or Liquid — 
Nitriding* — Speed Nitrid- 
ing — Aerocasing — Chap- 
manizing* — Cyaniding 
—Gas or Liquid — Sand 
Blasting — Liquid Honing 
— Magnaflux Inspection — 
Laboratory Physical Test- 


Treating and 
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LAMESION ave. 


CLEVELAND 14. HENDERSON 19100 


Stel 


Cemented Carbides 


Magnets 
Alloy Steel Forgings ; 


MARATHON 
SPECIALTY 
STEELS, INC. j 
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I kes it i 
1000 scfh hydrogen generator Pp ant makes it in 


undergoing tests at company’s } 


Lorain, Ohio plant. — quantities up to 
| 5000 scth at 
tremendous savings 


Here’s 99+-purity hydrogen 

gas in quantities from 250 scfh 
to 5000 scfh as low as 55 cents 
per 1000 cubic feet. 

This amazing packaged plant 
developed and test proved 
comes complete on a common 
base ready to connect utilities 
and begin continuous operation. 
It has all the standard Gas 
Atmospheres’ features such as 
push-button purge starting, 
fully automatic controls, proven 
“fail safe”’ safety devices, and 
automatic raw material 
measuring and flow equipment. 


If you are now buying hydrogen 
gas or dissociated ammonia 
you'll want to know more 
about this latest development 
by the nation’s largest 
organization devoted exclusively 
to the production of controlled 
atmospheres for industrial 
application. 


ORIGINATORS AND LEADING PRODUCERS 


gas inc 


equipment for producing industrial gases 
200113 WEST LAKE ROAD CLEVELAND 16, OHIO 


OF PACKAGED GAS GENERATION SYSTEMS 
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Banding . 


quantitative autoradiography, Cas- 
taing’s fluorescence point spectrog- 
raphy and differential dilatometry in 
association with very accurate time- 
temperature-transformation studies. 

It has been confirmed that in nor- 
mal low-carbon and low-alloy steels, 
phosphorus does, in fact, play an 
essential role in the formation of 
banding. It does so primarily by 
raising the A, point at which austen- 
ite is transformed into ferrite. On 
slow cooling, regions which were 
originally interdendritic, containing 
microsegregations of both phosphor- 
us and carbon, will begin to trans- 
form to ferrite before the adjacent 
regions which were dendritic axes or 
ribs. The carbon becomes more con- 
centrated in those parts which are 
still austenitic and when finally trans- 
formed are more pearlitic. 

Bastien satisfactorily answers the 
query which may be raised about 
carbon diffusing away from areas 
rich in phosphorus and not the phos- 
phorus itself, in terms of the lower 


activation energy of carbon for diffu- 
sion in austenite. Likewise, the 
question “Why doesn’t the ready car- 
bon migration result in a uniform 
distribution of this element?” is ex- 
plained by the higher thermody- 
namic activity of carbon in regions 
of high-phosphorus content. The 
carbon atoms tend to migrate to re- 
gions of lower activity, even if this 
leads to an “uphill diffusion”. 

Since the carbon migration is con- 
nected with transformation in a 
heterogeneous austenite, the migra- 
tion is not observed when the upper 
transformation disappears owing to 
sufficiently rapid cooling. Any ele- 
ment which in solid solution raises 
the upper transformation point A, 
of the steel (accompanied in some 
cases by a horizontal displacement of 
the transformation curve), can give 
rise to a banded structure. While 
phosphorus is perhaps the most com- 
mon contributor to the phenomenon, 
other elements, particularly arsenic 
and tin, act in the same way and 
augment the effect of phosphorus. 
In low-alloy steels, some of the 
added elements accentuate and oth- 


ers counteract the effects of phos- 
phorus, arsenic and tin. 
During cooling through the trans- 


formation range Ar, to Ar,, the 


segregated elements may help either 
to reconstitute the original segrega 
tion of the carbon at the instant of 
solidification or they may reverse it. 


With certain transformations, the 
increase in the carbon content of the 


austenite not yet transformed may 
be such as to lead to a final hetero 
geneity apparently more pronounced 
than that caused by the dendritic 
segregation at the time of solidifica- 
tion. Howarp K. Worner 


AcE HARDENING OF METALS 


Dr. Zay Jeffries contributed the 
first paper. Conclusions on the 
application of solid solution, alu- 
minum alloys, aluminum-copper 
alloys, aging in iron and steel, 
other areas. Twenty authors—448 
pages—6x9—red_cloth—illustrated 
—$5.00. Clip and send to ASM 
Technical and Engineering Book 
Information Service, 7301 Euclid 


Ave., Cleveland 3, Ohio. 


1800° C Rhodium Furnace 1500° C SIC Furnace 


For regular and UNUSUAL requirements. Equipped 
exclusively with ORIGINAL HEREAUS heating element 
alloys for extra long wear and unmatched reliability. 


HI -TEMPERATURE APPLIANCES 
BRINKMANN — HERAEUS 


220° C Vacuum Orying Oven 


1200° C Crucible 


For literature and name of nearest distributor contact: 


BRINKMANN 


INSTRUMENTS INC., 115 CUTTER MILL RD., GREAT NECK, N. Y. 


SALES OFFICES IN PHILADELPHIA, 


1200° C Micro Combustion Train 


Built to the most exacting mechanical and thermal 
specifications. Available from franchised labora- 
tory supply houses throughout the United States. 


Ol! Bath 


CLEVELAND, HOUSTON 
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CASTINGS... 


provide greater structural strength, yet reduce weight of large parts 


Large parts produced by the unique Kolcast 
investment casting process offer these impor- 
tant advantages : 

INCREASED STRENGTH to mect severe service 
requirements of vibration, pressure and heat. 
The Kolcast process permits economical produc- 
tion of complex designs in which stress concen- 
tration can be minimized. 


REDUCED WEIGHT without sacrificing structural 
strength. Design any complex curve you require 


KOLCAST INDUSTRIES nc 


BOX 250 + 


into your parts... we can cast it with no unneces- 
sary weight added as a concession to fabrication. 


REDUCED MACHINING and costly scrap. As-cast 
surfaces, contours, and dimensions are so accu- 
rate that only a bare minimum of material will 
have to be removed before assembly. 

Parts produced by Kolcast can be as large as 
60” in any direction, can weigh as much as 
500 pounds. Material selection includes all the 
popular, high-temperature steels, as well as 
vacuum-melted, vacuum-cast superalloys. 


MINERVA, OHIO 
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Stainless Steels 
Help Springs 
Keep Their 

“Spring” 


Corrosion can play hob with proper functioning of 
springs. That’s why the corrosion resistance and 
elastic properties of Armco Stainless Steels keep 
springs working even when service is severe. 

Other advantages pay off, too. Each stainless grade 
in Armco’s complete range of types offers its own 
combination of heat resistance, elasticity, strength, 
magnetic or non-magnetic properties. It’s easier to 
find exact answers to specific spring application 
problems. 

In addition to a complete variety of standard 
grades, special precipitation hardening Armco 17-7 
PH Stainless Steel is available for springs requiring 
superior properties and ease of fabrication. 

If you'd like to talk with an Armco representative 
about Armco Stainless Steels for your spring appli- 
cations, just fill in and mail the coupon. 


ARMCO STEEL CORPORATION 
2908 Curtis Street, Middletown, Ohio 


We'd like to talk with an Armco representative 
about selection of an Armco Stainless grade for 


= (spring application) 

We make__ 

Name_. Title 
Firm__. 


Street 


City 


ARNMCO STEEL 


Armco Division + Sheffield Division * The National Supply Company » Armco Drainage & Metal Products, 
Inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 
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The Show That MEANS 


atal Show 


PAN-PACIFIC AUDITORIUM se LOS ANGELES 
MARCH T6=20, 1959 


During the past quarter-century of flourishing only present what's new and improved ... it 
growth of industry in the West, one exposition will be a proving ground for scores of new 
pioneered and grew with this record-breaking developments presented in technical and practical 
western progress — the Western Metal Show. engineering sessions sponsored by the American 

Continuing to keep pace with these great Society for Metals and 20 cooperating societies 
western industrial markets, the 1ith Western and associations. Thousands of metal men will 
Metal Show will open next March 16 in Pan- have every reason to attend this outstanding event. 
Pacific Auditorium. Hundreds of the nation’s Floor plans for this 11th western show are 
leading firms will go west once again to present now available. Make certain you have your copy 
their metals, their equipment, their processes and ... that you select your exhibit space . . . that 
their improved and new products. you make your plans to exhibit in the show 

This great metals week of the West will not that will mean business for you in the West. 


ASN WESTERN METAL CONGRESS & EXPOSITION 
Owned and Operated by the 

QI AMERICAN SOCIETY FOR METALS 

7301 Euclid Avenue ° Cleveland 3, Ohio 
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UNICHROME BRIGHT CRACK-FREE CHROMIUM MADE THIS DIFFERENCE IN PROTEC. UNICHROME SRHS« 


TION. Photographs show results of 72 hour acetic acid salt spray test 


Part at top was plated ENCE IN THICKNESS. Enlarged cross sections of identical 


with ordinary chromium according to automotive manufacturer's specifications for copper, nickel, steel rods show ratio of thickness of plate from ordinary chro 
chromium finishing. Part at bottom had same copper and nickel deposits but Unichrome Crack-Free mium solution (top) to thickness from SRHS Chromium Solution 
Chromium replaced the ordinary chromium, thus greatly increasing corrosion resistance 


(bottom a much thicker deposit in the same plating time! 


How to get more corrosion resistance 
from chromium plate 


When consumers find fault with decorative chro- 
mium plate, it’s generally due to early corrosion. 

This trouble starts with pores and cracks that 
occur in all ordinary chromium in the range of 
thicknesses generally used for decorative plating. 
Road chemicals, salt atmosphere and fumes find a 
path right down to base metal. Corrosion starts. As 
corrosion increases, finish failure progresses, allow- 
ing still more corrosion. 

But you can stop this at the source. 


THICKER, CRACK-FREE CHROMIUM 
Chromium itself is passive. It doesn’t corrode. Elim- 
inate pores and overcome its cracking and you 
greatly improve its corrosion protection, Pores 
are eliminated by thicker plating. To overcome 
cracking, use the Unichrome Bright Crack-Free 
Chromium Process. This deposit is free from cor- 
rosion-admitting cracks. It has already been used 
in automotive production for a year. 


MINIMIZE PRODUCTION PROBLEMS 


Unichrome Crack-Free Chromium is far superior 
to ordinary chromium not only in protection, but 
also in operating advantages. The solution is self- 
regulating. It offers improved throwing power, also 
better coverage — even over passive nickel, 


TO PLATE THICKER CHROMIUM 


For those who desire thicker deposits but do not 
require freedom from cracking, other Unichrome 
self-regulating processes offer distinct advantages. 
They plate up to 80% faster than ordinary chro- 
mium plating processes. They cover parts with less 
dulling or burning, are less susceptible to clouding 
due to current interruption. Control is simplified by 
their self-regulating features. 

Whichever process is best for your products, 
Metal & Thermit has over 30 years of service experi- 
ence to help you make it work. Call in an M&T 
plating engineer to survey your requirements, tell 
you what’s needed for the results you want. Or, 
send for Bulletins. 


METAL & THERMIT 
CORPORATION 


GENFRAL OFFICES: RAHWAY, NEW JERSEY 
Pittsburgh * Atlanta * Detroit « E. Chicago « Los Angeles 
in Canada; Metal & Thermit — United Chromium of Canada, Limited, Rexdale, Ont. 
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Bose adjusts in 4 horizontal directions 


If you want machines that will set up for a fast, efficient 
finishing job on today’s work—yet will quickly and easily 
adapt to next year’s designs—ask an Acme engineer to 
show you the versatile G-4 lathe. 


What does the G-4 do? Just about everything! Only four of 
its many adjustments are illustrated. Without the need for 
superstructure support, the buffing or polishing head may 
be faced in four directions horizontally and two vertically. 
It may be angled to any degree from horizontal to vertical. 
It may be stationary when it operates, or set for a stroking 
or oscillating movement. It finishes the most common or 
the most unusual shapes . . . reduces belt, buffing wheel and 
compound costs . . . and is ready for adaptation to new 
designs any time! 


An Acme engineering specialist’ can help you combine 
these flexible basic units with automatic work-holders or 
fixtures to give you a set-up for low-cost, high-production 
finishing. Contact him to discuss your current or anticipated 
demands. No obligation, naturally. 


acme vour FINISHING PROBLEMS 


ACME MANUFACTURING COMPANY 


1400 E. 9 MILE ROAD, DETROIT 20, MICHIGAN JORDAN 6-1550 
LEADING PRODUCERS OF AUTOMATIC POLISHING AND BUFFING EQUIPMENT SINCE 1910 
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Future 
Lead... 


as seen ina 
Crystal Ball—circa 1927 


“The increased publicity given to the use of ethyl gasoline 
causes some to think that perhaps herein lies a new outlet of 
importance for lead... In every 1,300 gallons of 


4 ethyl gasoline there is approximately one gallon, or 14 Ib., 

a of lead tetraethyl, containing about 9 lb. of elemental 

* lead. Present consumption of ethyl gasoline is not known, but 
an estimate of 750,000,000 gal. a year is sufficiently accurate 

ye for this purpose. This would represent an annual 


consumption of lead in the United States, for making ethyl 
gasoline, of approximately 2.500 tons, or one-third of 1 

per cent of total domestic lead production . . . So the lead miner 
with an automobile cannot improve his market much by 


buying ethyl gas; he would do better to paint his house with a 
pure lead paint, have nothing to do with battery eliminator 
for his radio set, and insist that his power be brought al 
along the street to him in lead-incased cables.” 


Excerpt from an article “Lead in Ethyl Gasoline” iii is : 
appeared in the October 29, 1927 issue of 
Engineering and Mining Journal. 


Last year some 176,000 tons of lead went 
into the production of tetraethyl lead. The 1927 
“Forecaster” could not, of course, foresee that 
the discovery of tetraethyl lead would usher in a great 
era of automotive progress by making possible the development of 
ever-higher compression ratio engines and that thereby, the 
consumption of lead for this purpose would multiply 
70 times between 1927 and 1957. 

U.S. CONSUMPTION OF LEAD TETRAETHYL 
1927 .. . 2,500 tons 1957 . .. 176,000 tons 


Source: American Bureau of Metal Statistics 


ST. JOSEPH LEAD COMPANY <qghle)=> 


250 PARK AVENUE NEW YORK 17, N. Y. 


Talking About Forecasts .. . 


lead because of its density — is 
the most effective metal for 
shielding the humon body from 
harmful radiation. Today, the 
amount of lead used for this 
purpose is relatively small. Would 
anyone care to predict how many 
tons of lead in the form of 
protective shielding, will be 
consumed in 19887 


THE LARGEST PRODUCER OF LEAD IN THE UNITED STATES 


Po-iz6 
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This is the twenty-ninth of a series of advertisements deal- 
ing with basic facts about alloy steels. Though much of the 
information is elementary, we believe it will be of interest to 
many in this field, including men of broad experience who 


may find it useful to review fundamentals from time to time. 


Cold-Finishing of Alloy Steel Bars: 
Grinding and Polishing 


Grinding polishing of cold- 
drawn or turned alloy steel bars is 
the concluding discussion on the 
subject of cold-finishing. In the pro- 
cesses of turning and_ polishing, 
and grinding and polishing (both 
of which require removal of surface 
metal), the surface finish of the bars, 
as well as their dimensional ac- 
curacy and alignment, are improved. 
But the ultimate in quality of 
bright, smooth surface finish and ac- 
curacy is produced by grinding and 
polishing of either cold-drawn bars 
or turned bars up to 4-in. diam, 
inclusive. 


GRINDING AND POLISHING 


Sizes up to and including 4-in. diam, 
are generally confined to centerless 
cylindrical grinders. Larger sizes are 
ground on centers. centerless 
grinder includes a grinding wheel, 
a regulating wheel for applying 
pressure against the bar, and a work- 
rest blade which both supports the 
bar and guides it between the wheel 
spacing. Automatic feed of the 
whole length of the bar is accom- 
plished because the regulating wheel 
is set at an angle of inclination with 
respect to the grinding wheel, and 
thus within this system the bar 
rotates and feeds during grinding. 
The bar is then polished to a mir- 
ror-like finish by passing through 
straightening rolls. 

Both processes of turning and 
polishing, and grinding and polish- 
ing, are applicable to normalized, 
annealed, or heat-treated carbon 
and alloy bars. These operations do 
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not materially affect the mechanical 
properties. For this reason, the end 
product can be machined unsym- 
metrically, with little or no tend- 
ency to warp. 

Fundamentals Only. In the past 
four advertisements, we have out- 
lined basic fundamentals only on the 
cold-drawing of alloy bars, the effect 
of cold-drawing, turning and polish- 
ing, and grinding and _ polishing. 

Please keep in mind that Beth- 
lehem metallurgists have given long 
study to specifications with respect 
to chemical composition, grain size, 
hardenability, machinability, and 
the like, of cold-drawn alloy steel 
bars. If you would like additional 
information on cold-drawn products, 
or alloy steels, our metallurgists will 
gladly give you all possible help, 
without cost or obligation. 

When you are ready for new 
supplies of alloy steels, Bethlehem 
can offer the full range of AISI 
standard grades, as well as special- 
analysis steels and all carbon grades. 


If you would like reprints of this series of adver- 
tisements, please write to us, addressing your 
request to Publications Department, Bethlehem 
Steel Company, Bethlehem, Pa. The subjects in 
the series are now available in a handy 40-page 
booklet, and we shall be glad to send you a free copy 


BETHLEHEM STEEL. COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast peTH EM 
Steel Corporation Export Distributor: 5 EL 


Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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HOW KEY 
FORGING JET TURBINE 
TIGHT TEMPERATURE 


ELECTRIC FORGING FURNACES at Thompson Products, Inc. precise temperature control of alloys used for compressor and 
(Harrisburg plant), both General Electric and Hevi-Duty turbine vanes and blades. Shown above is one of several 
units, are equipped with GLOBAR heating elements to assure _— aisles in which both furnaces and forging presses are located. 
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BLADES KEEPS 
CONTROL 


Jet Division of 

Thompson Products, Inc. uses 
GLOBAR’ Delta electric elements 
for forging and heat treating 


High temperature steels for a jet’s turbine blades can be 
critically affected by variable temperatures during heating. 
That's why Thompson Products, Inc.—one of the largest 
manufacturers of rotating and non-rotating jet engine parts 
in the world —uses GLOBAR Delta electric heating elements. 
They assure close, precise temperature control to maintain the 


alloy’s metallurgical properties. 


At its Harrisburg, Pa. plant (shown here), Thompson Products, 
Inc.—long noted for its advanced techniques and materials 
converts bar stock to completed turbine blades. According to 

Mr. Robert A. Buente, Superintendent of Maintenance, 
“furnaces equipped with GLOBAR elements do an excellent job. 
If we ever go to higher production rates, we'll use more 
GLOBAR-type furnaces.” 


TERMINAL CONNECTIONS (left) for 8 GLOBAR elements are on a HEV!-DUTY 
furnace. Elements can be replaced without cooling the furnace or interrupting 
production. STOCK OF GLOBAR Delto silicon carbide electric heating elements 
(right) is kept on hand to assure fast replacement. 


CARBORU 


Registered Trade Mork 
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ECONOMIC advantages 
of electric heat: 


There are many reasons why the 
use of GLOBAR Delta silicon carbide 
elements are economical as well as 
dependable, clean, safe, and quiet 
There is no fire or explosion hazard, 
and exhaust and fuel storage facili- 
ties—and costs—are unnecessary. 


Only with electric heat can heat- 
ing cycles be precisely duplicated 
and temperatures accurately con- 
trolled, independent of the atmos- 
phere. Product quality is improved 
and rejects sharply reduced. Electric 
furnaces and kilns are compact and 
space-saving. They can be located in 
the production line, thereby acceler- 
ating production and reducing costs 
per unit of product. 


When evaluating heat source, 
remember that electric heat alone 
utilizes its full potential. You don't 
pay for waste BTU’s that go up the 
stack. Consequently, overall operat- 
ing costs are reduced, furnace main- 
tenance held to a minimum. 


Installation of Delta elements is 
simple, and element replacement is 
accomplished quickly without cool- 
ing the furnace or interfering with 
production. 


Typical applications for GLOBAR 
Delta elements include furnaces and 
kilns for: heat treating, forging, 
sintering, brazing, annealing, melt- 
ing, assaying, roasting, laboratory 
and research; ceramic firing of fer- 
rites, titanates, steatites, glass to 
metal seals, electrical insulators, 
grinding wheels, refractories, white- 
ware, pottery and tile. 


Find out how your operation 
could profit by using GLOBAR Delta 
silicon carbide electric heating ele- 
ments. Your furnace builder can 
supply you with full details. The 
Carborundum Company, Refrac- 
tories Division, Globar Plant, Dept. 

Niagara Falls, New York. 
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How Houghton’s 


... you get safety, the speed 
you need to cool work faster 
than its transformation 


Complete Quenching Range 
Meets “S” Curve Needs 
To Help You Get The Exact the exact combination of 


Results You Want... 


If you’ve ever faced a heat treating job that chal- 
lenged your knowledge of quenching, you’ll want to 
give Houghton’s complete quenching range a long and 
careful looking-over. You'll find solutions here to 
many of the most troublesome quenching problems 
—varying steel analyses, eliminating quench cracks, 
preventing distortion, hardening to full depth, 
easing the shock of quenching. 

These Houghton products were developed for 
quenching—and quenching only. Through them, 
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...you get control, to achieve 


hardness and toughness 
you want here ...... 


you give yourself all the benefits of the applied 
knowledge and experience gained in fifty years of 
perfecting heat treating methods and pioneering in 
handling of new alloys as they were developed. 

Check these product descriptions against your 
needs. And if you have special requirements to meet, 
the Houghton Man will be glad to put Houghton’s 
full facilities for development work at your disposal. 
Call him, or write today to E. F. Houghton & Co., 
303 West Lehigh Ave., Philadelphia 33, Pa. 
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QUENCHING OILS 
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products of 


HOUGHTON’S COMPLETE 
QUENCHING RANGE 


HOUGHTO-QUENCH K for very fast 
quenching of lean alloy steels. It is ideal for 
greater depth of hardness where hardenability 
is low. The only quench faster is water. 


HOUGHTO-QUENCH G.. for production-line 
quenching. Almost as fast as Houghto-Quench 
K, Houghto-Quench G will deliver better than 
required hardness in most production-line 
quenching. Low drag-out, high stability. Year 
after year, you get the same uniform results. 


HOUGHTO-QUENCH T7A...for “warm” 
quenching. To meet the need for a quench 
operating at intermediate temperatures, this 
high-grade oil is fortified for use up to 275°F. 


MAR-TEMP OIL NO. 2...for interrupted 
quenching. This oi! is especially formulated to 
resist heat-breakdown. It can be operated up to 
350°F . for long periods without any deterioration. 


MAR-TEMP SALT .. . for interrupted quench- 
ing. This low-melting-point salt has a working 
range of 350°-1000°F. it has high thermal con 
ductivity. It eliminates distortion and quench 
cracks . . . improves fatigue life. 


AQUA-QUENCH ... to slow down the rate of 
quenching in water quenching systems. It pro- 
vides safety from cracking and distortion never 
before possible in water quenching. 


HOUGHTO-QUENCH CONCENTRATE... 
to speed up the quenching rate of oil. Added to 
Straight mineral oil baths, Houghto-Quench 
Concentrate improves stability and heat-re- 
moving ability. 


TOW iN 
. 
QULdoed Ready to give you 
on-the-job service . . . 
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The role of Sylvania consumable electrodes in arc-cast 


Metals of the Future 


XCITING and important appli- 
E cations await the develop- 
ment of new high-temperature 
alloys. Many of these, already in 
advanced stages of development, 
are being arc-cast from consum- 
able electrodes. 


Working hand in hand with the 
metal industry, Sylvania has ap- 


plied its knowledge of powder 
metallurgy to supply the vital 
consumable electrode. 


Special alloys as well as pure 
Molybdenum, Tungsten, Nickel, 
Copper, Chromium, Titanium, 
and Tantalum have been isostat- 
ically pressed and sintered in a 
wide range of sizes. Emphasis has 


been placed on “evaluation” sizes 

down to '4" in diameter, tailored 
2 

to specific experiments. 


If you’re experimenting with 
new high-temperature metals re- 
quiring consumable electrodes, 
Sylvania welcomes the opportu- 
nity to work with you. Write today 
stating your electrode needs. 


Sytvania Evectrric Propucts Inc. 


Chemical & Metallurgical Div. 


Towanda, Penna. 


TUNGSTEN + MOLYBDENUM + CHEMICALS + PHOSPHORS + SEMICONDUCTORS 
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MELTROL 


on forged high temperature parts 


This turbine wheel forging will be machined down Users of mMet-rrot high temperature alloys report 

to ',, in. thickness in some sections. they are the cleanest forging alloys of their type. 
Their performance in service is consistently good. It 
minimizes the variations in service life found 

in conventional alloys. 


The better the forgeability, the easier and less costly 
the machining. But there can be no sacrifice of 

high temperature properties when you are depending 
on the strength of a minimum cross section, 


It's the result of the finest quality control tools and - 
as this design does. 


procedures known today used together with a new, 
The only way to get both forgeability and uniform Carpenter-patented mold which produces ingots : 
high temperature performance is to make sure of the with the highest uniformity yet achieved 
uniformity and quality of the steel itself. To get a in commercial steelmaking. 
uniform forging, you have to start with a uniform 
billet. And a uniform billet can only come ; a 
& Just call the nearest Carpenter Service-Center. 

The Carpenter Steel Company, 133 W. Bern Street, 
That's what MEL-TROL gives you. Reading, Pa. 


arpenter 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 

Webb Wire Division, New Brunswick, N. J. 


And it’s easy to get this new kind of “design insurance.” 
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ow! 
An even BETTER 
Controller 
or simple processes! 


Here's the Foxboro Pneumatic Controller that 
proved itself in thousands of successful applica- 
tions throughout industry! Now, with brand new 
design features, it's better than ever. 

The M 41A Controller offers a sharp, fast 
on-off action, or smooth proportional control 
action easily adjustable from .25% to 25%. It 
employs the famous Model 40 controller move- 
ment free from backlash, lost motion, and 
friction. This is a rugged, low-cost, compact 
controller using standard M 40 parts through- 
oul... easy to get at... easy to service. 

For control of simple processes—temperature, 
pressure, liquid level, or humidity — it will pay 
you to investigate the convenience and the pre- 
cise, reliable performance of the FoxboroM 41A 


Indicating Controller. Write for Bulletin 5A-13A. 


New Design Features 


* Longer Scale — 5” © Snappy ‘'On-Oiff"’ © Alternate Propor- © “Permaligned” Precision * Simple Rugged Con- 
effective length. Control Action on tional Action adjust- Controller Movement — struction—All Parts 
measurement able from % of 1% Exclusive Self-Aligning Easily Accessible 
change of only to 25%. Ball-Linkage—Non-Back- 
of 1% scale. lash Vernier Index Drive 


THE FOXBORO COMPANY, 5210 NEPONSET AVE., FOXBORO, MASS., U. 


by 


OXBORC “INDICATING CONTROLLERS: 


REG. U.S. PAT. OFF. 
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"WEIRKOTES ZINC COATING STAYS SKINTIGHT. NO PEELING OR 
FLAKING—-CAN ELIMINATE DIPPING OR PLATING AFTER FABRICATION !* 


. Sure, but what happens on the tough jobs—like deep drawing or crimping? 


. You can work Weirkote right to the limit of the steel itself. And as | said, no peeling 
or flaking. 


. Then where's the miracle? We tried galvanized before. And it struck out. Too much 
trouble, too much cost fixing it up after fabrication. | STEEL] 


. No miracle. It’s just that Weirkote’s made by the continuous process which integrates Samad 
zinc and steel so that the toughest fabrication won't break down the bond. 


. That means then that Weirkote can eliminate the need for plating or dipping to assure WEIRTON STEEL 
uniform corrosion protection for the most intricate part . . . is that the picture? COMPANY 


. Yes, that’s exactly the picture . . . and besides, Weirkote is now treated to inhibit wet 


WEIRTON, WEST VIRGINIA 
storage (white oxide) stain. 


a division of 
Send today for free booklet that details the time- and cost-saving advantages of using skintight 


zine-coated Weirkote. Write Weirton Steel Company, Dept.S-8, Weirton, West Virginia. NATIONAL STEEL CORPORATION 
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A third Du Pont Sodium Hydride unit efficiently 
descales bar products without pitting or etching 


After several years of success with two Du Pont Sodium Hydride units 
at their Bridgeville, Pa., plant, Universal Cyclops is now operating a 
new unit in ‘Titusville, Pa. Here they are completely descaling hard-to- 
clean stainless- and tool-steel bars in 20 minutes or less. 

Du Pont’s Sodium Hydride Process can give you ideal descaling 
results: a lustrous pearly-gray finish with no etching or pitting! 

Any metal unaffected by fused caustic at 700°F. can be quickly 
descaled by the Du Pont Process, and there’s never any loss of gauge. 
Costwise: substantial savings in acids and waste disposal. We'll be 
glad to give you all the facts on the Du Pont Sodium Hydride Process. 
Just drop us a line at the address below. 


ELECTROCHEMICALS DEPARTMENT 


Sodium Products Division 


E.1. DU PONT DE NEMOURS 4 CO. (INC.) 


REG. U.S. PAT. OFF 
Wilmington 98, Delaware 


BETTER THINGS FOR BETTER LIVING 
. THROUGH CHEMISTRY 
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The potash crystallizers under construction above are two of 
seven that were shop- and field-fabricated, then field-assembled 


by welding. Although these units were not stress-relieved? or, heat- 
treated, there was no sign of stress-corrosion cracking after a year. 


stress-relieving here 
—no stress-corrosion cracking! 


Field-assembled from NEW AMPCO METAL GRADE 8 


Improved Ampco Metal Grade 8 puts an entirely 
new slant on fabricating copper-base alloy equip- 
ment to handle steam and corrosive media at 
elevated temperatures. 

At a major oil refinery, for example, field-welded 
piping of Ampco Metal Grade 8 has handled hot 
sulphuric-acid sludge for a year and a half without 
stress-corrosion cracking. 

New, patented Ampco Metal Grade 8 also sim- 
plifies field repairs and alterations. You can weld 
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readily with any electric process, without pre-heat 
or post-heat and without hot-short cracking. 

Talk this over with your Ampco field engineer. 
Or write Ampco Metal, Inc., Dept. 217, Milwaukee 
46, Wis. West Coast plant: Burbank, Calif. — 
Southwest plant: Garland (Dallas County), Texas. 


AMPCO 
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WHY IS JOHN HOFFER NOW A BETTER “METALS MAN”... 
WHY IS HE MORE VITAL TO THE METALS INDUSTRY? 


Elements of Metallurgy 

Heat Treatment of Steel 

High Temperature Metals 

Titanium 

Metals for Nuclear Power 

Stainless Steels 

Electroplating and Metal Finishing 

Gray Iron Foundry Practice 

Oxy-Acetylene Welding 

Steel Foundry Practice 

Primary and Secondary Recovery 
of Lead and Zinc 

Steel Plant Processes 

Copper, Brass and Bronze 

Magnesium 

Tool Steels 

Arc Welding 

Blast Furnace Operations 


He used his spare time to complete an MEI 
home study course. . . . and became an even better “metals man”. 


Mr. Hoffer has been an Eastman Kodak metallur- 
gist for 16 years. His work involves the specification 
and metallurgical inspection of materials. With 
16 years’ experience, many men would hove the 
“know it all” attitude. Not Mr. Hoffer. 


He inquired about ASM‘s home study division, 
the Metals Engineering Institute. After receiving 
descriptive information, he enrolled in the ‘High 
Temperature Metals” course. He took it ot home, 
in his spare time, and completed it with an 
average grade of 91%. Now he knows more 
about metals. That's why he is a better ‘‘metals 
man” now . . and more vital to the metal 
industry. 


METALS ENGINEERING INSTITUTE 


A DIVISION OF AMERICAN SOCIETY FOR METALS 
7301 EUCLID AVENUE: DEPT. P108 


Street 
* CLEVELAND 3, OHIO 


Please send me your 32-page catalog: City 


“Training Courses for the Metals Industry” 


Company 


Mr. Hoffer thinks highly of MEI courses. In fact, 
he will be the instructor when the Rochester 
Chapter of ASM gives MEI’s “Heat Treatment of 
Steel” course to many of its members. 


To increase and up-dote your knowledge of 
metals, look into the home study courses offered 
by MEI .. . a division of your own American 
Society for Metals. A new, 32-page illustrated 
catalog has just been prepared which gives an 
attractive review of oll MEI courses and an in 
troduction to the MEI staff and authors 


ME! will send you a copy of “Training Courses 
for the Metal Industry” with absolutely no obli- 
gation on your part. . . just return the coupon 


METAL PROGRESS 


| 
} 
fi 
‘ 
below. 
| 
| 
| 
| Zone State | 
| ! 
308 


You save time, space and money with this 


Salem-Brosius furnace charging machine 


For maximum efficiency and flexibility in furnace 
operations, load and unload your heating furnaces 
and charge your melting furnaces with a Salem- 
Brosius Auto-Floor Charging Machine. One man at 
the controls operates this agile piece of equipment, 
serving furnaces faster and with greater all-around 
economy than is possible with any other stock- 
handling equipment. 

Floor travel is rapid and unencumbered, and stock 
handling is swift, positive and effortless. It reduces 
manpower by mechanizing furnace charging. 

Self-powered, the machine is built in seven sizes, 
ranging in load carrying capacities from 2000 to 
20,000 Ib., and operates at floor speeds up to 250 ft. 
per min., doing the complete stock-handling job 
without auxiliary materials handling equipment. It 
requires no floor installations that become permanent 


MELTING FURNACE WORK HEADS 


Rotating Box Pusher Box 


Pusher Fork 


obstructions; nor does it become an obstruction when 
not in use, because it can be parked out of the way. 
The Salem-Brosius Charging Machine is highly ma- 
neuverable, being able to turn on its own wheelbase 
to reach furnaces and stock piles anywhere in the 
plant. 

Initial cost of the Salem-Brosius Charging Machine 
is far less than other types of charging equipment. 
It has saved as much as 75% in operational costs, 
replacing several men of a furnace crew. It eliminates 
costly maintenance of elaborate materials handling 
equipment, while requiring a minimum of mainte- 
nance itself. 

Before you invest in expensive stock-handling 
equipment, investigate the Salem-Brosius Auto-Floor 
Charging Machine—designed and built by men who 
know your stock-handling problems. 


HEATING FURNACE WORK HEADS 


Sliding Jaw 


INC 


CARNEGIE, PENNSYLVANIA 
In Canada: Salem Engineering Limited * 1525 Bloor Street West, Toronto 9, Ontario 


+ IN DUSTRIAL HEATING FURNACES + MATERIALS HANDLING EQUIP! 
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ECIAL MECHANICAL EQUIPMENT MENT 


Typical B&G Self-Contained 
Quench Oil Cooling Unit 


Complete in every detail for 


QUENCH OIL COOLING 


Proper control of quench oil temperature is the certain way to main- 
tain uniform quality in heat-treated metals and to avoid excessive 
sub-standard rejects. The only question is how to provide that control 
in the most practical, efficient manner. 


Every piece uniform in quality 
because uniformly quenched 


While the individual components of an oil cooling installation can 
be purchased and assembled on the job, the trend today is to install 
completely factory-assembled oil cooling systems. 


To meet this demand, B&G offers completely self-contained oil 
cooling units—integrated in every respect—ready for immediate 
operation. These units are engineered to your specific requirements. 
Whether your heat treating volume is large or small, the services of 
the B&G engineering department are available. Your request for 
information will receive prompt attention. 
Battery of B&G Quench Oil Coolers 
B&G QUENCH TANKS 
Properly designed to induce : : N * 
maximum turbulence in the = \ 
quench oil. B&G Quench a = 
Tanks are available in standard 
models or can be built to meet j ! 
any specific quenching fe- G 
aulement. IL QUENCHIN 
Send for this combined Catalog SY STEMS 
and simplified Selection BELL & GOSSETT COMPANY 
Manual for B&G Self-Con- *Reg. U.S. Pat. Off 
tained Quench Oil Coolers Dept. FL-16, Morton Grove, Illinois 


Canadian Licensee: §, A. Armstrong, Ltd., 1400 O'Connor Drive, W. Toronto. 
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WHO FORGES THE TOUGH ONES? 
and dynamic balances them, too? 


To further National Forge’s reputation for producing precise 
forgings, we've installed one of the largest, most accurate 
dynamic balancing machines in use. Our American-Trebel 
has a 33,000-pound, 60-foot capacity. 


Pictured on the machine is a 42 ft. propeller shaft that has 
been forged, machined, and hollow bored—all operations 
done in our National Forge plant. NFO specialists are shown 
balancing this 15,500 Ib. shaft. 


If you want one responsible source to produce and control 
the quality of your forgings ... from melting and forging the 
steel through machining and dynamic balancing .. . call 
National Forge. Let us quote on your next job—and prove 
“who forges and dynamic balances the tough ones . . . best!” 


(NATIONAL 
[FORGE 


IRVINE, WARREN COUNTY, PA, 


SEE US AT THE METALS SHOW, BOOTH 2410 
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Intricate Cutting Operations re 
Accomplished | Quickly and Perfectly 


Metallurgical 


Porcelain : Specimens 
Tubing 


\ 


| Steel File Geological 


Specimens 


MACHINE 


Metals, Glass, Stone, Quartz, Plastics 
Cuts flat materials or cylinders up to 


Special Features Include Miter Gage 
MITER GAGE—Cuts of any angle can be made by a simple 


manipulation of this gage. Its large, convenient 
scale provides accurate settings. 


FOOT-OPERATED ELECTRIC SWITCH — Connected to 


current by means of BX cable. 


WATER PUMP —Fitted with individual motor drive and 


replaceable impeller. Pumps water from the sump 
to the cutting wheel. 


SPRAY HEADS—Play steady stream of water on the cutting 


wheel to keep it cool. The water then returns to 
the sump. 


ADJUSTABLE STOP — Used for cutting pieces to exact 
duplicate lengths. 


Write for BULLETIN 2237—J 


Cat. No. 5-2416, Cutting-Off Machine, 115 volt, 60 cycle, 
single phase, 144 h.p. motor, size 25 x 25 x 48 in. high ._ $673 


Other models available for 230 and 440 volts. 


AMERICAN INSTRUMENT 
COMPANY, In Metropolitan 


Washington, D.C. 
J 
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Wind shields for 120-mm shells 
lie-cast with Cromo-High V tool steel 


Kach pieee has to be virtually perfect 


die-casting aluminum wind 
120-mm_ shells. 


for a job like this calls for a hot-work 


when you're 
shields for Tooling up 
steel that will turn out high-quality east- 
ings and at the same time keep produe- 
tion costs low. 

Sethlehem has several grades of hot- 


work tool steel which could be considered 


for such a highly specialized application. 


OCTOBER 1958 


The die easter weighed all the facts with 
Bethlehem’s local tool steel distributor 
Together, they came up with an excellent 
tool steel for Cromo- 
High \ 
Cromo-High V 


moly hot-work tool steel, containing 1 pet 


jobs of this sort 


is our 5 pet chrome- 


vanadium, A grade that has nroved its 

stubborn resistance to wash and erosion, 

it also has the stamina for long runs. 
Cromo-High V 


lor easy 


is uniformly annealed 
machining. It has good center 
density and grain refinement, and is free 
And there's little 


of cleavage cracking when adequate radii 


from porosity. chanee 
are used in the die, and the steel is prop- 
erly heat treated. 

A trial run with Cromo-High V is the 
best way to learn how good a tool steel 
Bethlehem tool 


steel distributor either has it in stoek, or 


it really is. Your local 


ean get it delivered to you quickly. 


Steel 


4 — 


a: 


BETHLEHEM 
TOOL STEEL 
ENGINEER SAYS: 
Air-quenching means longer 
tools 


service life for hot-work 


tool steels can be hard 


Most 


ened by quenching 


hot-work 


in oil or air. Beeause 
of convenience in handling, and to avoid 
seale, 


eXCeSsSIVEe it is often preferable to 


llow 


air-quenching is considered bette: 


quench some hot-work tools in oil. 


ever, 
practice, tor it produces lower residunl 


when tools are liquid 


heat-check 


than 


stresses 


Since failures de 


quenched. 


velop from surface stresses which are 


produced in service, the presence ot re 
sidual stresses in the tool can lead to pre 
mature failure. 


Tools 
best suited for 


having low residual stresses are 


long service on hot-work 
applications. That’s why air-quenching i- 


usually best for hot-work tools, 


Plastic Beads Molded with Duramold B 
Here is an a mold, with 
& Die 
Plastic Poppit Beads. ateel was sup 


120 eavi 
ties, used by R. 
Works, Ine., , to produce 
Ackerlind Steel Co., Ine., N. Y. 


Duramold B is our oil-hardening chro 


plied by 


mium type of plastic-molding die steel, 
Its an 
100 max Brinell as 


in cold-hobbing and its alloy 


containing an addition of boron. 
nealed hardness of 
sures ease 


content gives it high core strength. 
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Heat-treating processes have taken forward 
steps and gained new momentum through the 
advances of vacuum furnace technology. These 
are but a few examples of industries who now 
rely on Stokes systems to meet their specific 
production requirements. 


Stokes’ extensive design experience and manu- 
facturing facilities combine to make _ possible 
these new vacuum heat-treating opportunities. 
You have a choice of a complete range of types 
and sizes of furnaces. The systems are offered 


At The Budd Company’s Defense Division, metal 
components are designed and produced for important 
and classified nuclear reactor work. Because of the 
characteristics of the metals used, new procedures were 
necessary for welding, heat treating and pickling. The 
Stokes Vacuum Furnace has assumed an important role 
in these vital processes. 


complete — placing in Stokes a_ single-source 
responsibility for performance and reliability. 


Stokes offers additional advantages that can con- 
tribute to your successful metallurgical programs. 
Stokes can, for example, deliver a complete turn- 
key installation —erected, tested and delivered 
“in operation’’. Systems also benefit from the use 
of stock components —facilitating faster delivery. 
Stokes systems are furnished to do the best pos- 
sible job at lowest cost to you. 


Standard Stokes Vacuum Heat-Treating Fur- 
naces are available for experimental and as full 


At Associated Spring Corp., Bristol, Connecticut, pre- 
cision springs finer than a human hair are vacuum heat 
treated to rigid specifications. Of critical alloys, they 
require high temperatures. If treated in atmosphere, 
surface oxidation would be intolerable. A Stokes Vacuum 
Furnace enables production of springs for even the most 
delicate instruments. 
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Furnaces 


production size systems. Other types are available 
for melting, refining, casting, sintering, brazing and 
stream degassing. Special systems can be designed to 
meet the exact needs of specific operations. All-the- 
way service, before and after the sale, completes the 
picture of how well Stokes is equipped to work 
with you. 


You can take full advantage of Stokes’ advanced : 

resistance-heated, two-zone, high 
vacuum technology. The Stokes Engineering temperature Vacuum Heat-Treat Furnace 
Advisory Service will assist you in planning and ... installed for operation over 2500°F. 
designing a heat treating installation that will best Available in sizes to 9” 1.D., for brazing, 

out-gassing and heat-treating... in 
serve your exact requirements. Call Stokes —today. both research investigations and small 


parts production. 


A cold wall furnace capable of providing high tempera- 


tures at unusually iow pressures is one of the most recent 
developments of Stokes. It is particularly applicable to 
high temperature solid state processing. Depending on the 
nature of the application, temperatures up to 2000°C are 
attainable at sub-micron pressure. Customer built for 
specific requirements, these furnaces are offered in a wide 
range of sizes, for research or production service. 


In addition, Stokes offers complete laboratory facilities and technical 
assistance for investigation of commercial heat treating applications 
where highest temperatures are necessary. 


Vacuum Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 
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take look 


Type 304 stainless plate, dimensions: 6%"" 
thick x 75°’ diameter. Weight, 8655 Ibs. 


...at the clean edges of this stainless plate 


accurately cut by Carlson 


Is stainless plate illustrates something that’s almost 

a Carlson exclusive. Few producers can make plates 

of such heavy gauge, and fewer still have the long 

experience in flame cutting stainless to precise dimen- 

sions. To develop the proper equipment, the exact gas 

and iron powder formula, and the special nozzles, took 

Carlson engineers years of effort. But the result was 
worth it. 


The edges achieved by these improvements reduce the 
cost of subsequent machining operations. And every 
Carlson stainless plate— whether heavy or light gauge— 
carries its own identification. Its chemical and physical 
properties are known and recorded. Its dependable 
performance on the job is assured. 


The complete reliability of every Carlson service will 
materially reduce your ultimate costs. Our specialists 
make certain that your instructions are followed in 
every detail. Write, wire or phone for further informa- 
tion on all our services in stainless steel. 


Staines Steels Excbuively 


128 Marshalton Road 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


PLATES « PLATE PRODUCTS + HEADS « RINGS « CIRCLES « FLANGES + FORGINGS * BARS AND SHEETS (No. 1 Finish) 
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OTHER MODELS AVAILABLE UP TO 5500F 


INTERNALLY-HEATED 


PRODUCTION FURNACE 


Setting the pace! Leading the field! Yes, 
HVEC’s new internally-heated high tem- 
perature resistance vacuum furnace rep- 
resents the most advanced state of the 
art. Here are the reasons... 


Designed specifically for brazing, heat-treat- 
ing, and sintering, this furnace is capable of 
operating continuously at 3000F at a vac- 
uum of 5x10°mm Hg. The dual zone Molyb- 
denum cage-type elements and the five-layer 
moly and stainless steel heat shields permit 
extremely rapid heating and cooling rates. 


HIGH VACUUM EQUIPMENT CORPO- 
RATION produces a complete range of 
internally-heated furnaces, from the labora- 
tory model to the largest production unit. 
Furnaces are available with either molyb- 
denum, tantalum, tungsten or graphite 
elements ranging to SSOOF. 


If you are investigating high or ultra-high 
temperature furnaces, standard or custom 
designed, why not write or wire to HVEC, 
the established leader in the field. 

See our Booth No. 408 


HIGH VACUUM EQUIPMENT CORPORATION manufactures a complete line 
of standard vacuum metallizing units; induction, resistance, and arc fur- 
naces; pumping systems and related components. 


Hich Vacuum Equipment Corporation 


HINGHAM 
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CHIO STEEL FOUNDRY CUTS COSTS MORE THAN 50% 
WITH NUCLEAR SYSTEMS’ RADIOGRAPHY MACHINES 


Art Gross, chief metallurgist of Ohio Steel Foundry Co., Springfield, Ohio, states that by 
using two radiography machines designed and manufactured by Nuclear Systems, a division 
of The Budd Company, approximately 3000 “shots” a month are made in testing castings of 
various sizes and shapes. 

““By exposing a number of castings at one time,”’ said Mr. Gross, ““Ohio Steel has cut 
operating costs to less than half of what we'd spend if we used X-ray equipment. Also, if we 
used X-ray, we'd require 50% more people on the job to maintain safety from exposure. 

“Using Nuclear Systems’ models 10 (shown above) and 50, we keep the machines in use 
24 hours a day checking production fittings such as valves, elbows and tees. To control quality 
we radiograph about 10% of this type equipment.” 

Nuclear Systems manufactures a complete line of gamma radiography machines for all 
industrial requirements. Offices in Philadelphia, Chicago, San Francisco and Los Angeles. 
Sales representatives in principal cities. Catalog on request. 


Visit our booth at the National Metal Exposition, Cleveland, Oct. 27-31. 


SYSTEMS 
oF 


DIVISION OF THE BUDD COMPANY. Philadelphia 32 
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J&L STAINLESS STEEL 


The Solution for Many Basic Engineering Problems 


Product designers, industrial designers, and engineers find stainless steel provides ae hit: 

advantages no other commercial metal can offer. Its ability to fabricate readily into r Products with 
design, its high tensile strength, its resistance to distortion under extreme hot or Neti, bane 
cold applications, plus its corrosion-free properties, gives stainless steel a distinct 


advantage over other basic metals. 
J & L offers a wide selection of quality stainless sheet and strip to extremely close J 
tolerances up to widths of 48”. Write for these ff 
NO. 36 technical data: 
1. Laboratory Corrosion Data. 
OCTOBER 27 THROUGH 31 


BAR WIRE* SHEET STRIP 
ene 2. Data Sheets (please specify the grades in which ‘STEEL 


you are interested). 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION + Box 4606, Detroit 34 


ISN 
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How “high fidelity” in music spring wire 


licks a big production problem 


Leading producers of carbon paper apply the carbon 
coating by means of steel rods closely wound with 
hair-fine music wire. The wire-to-wire valleys, as 
determined by wire diameter, control the amount 
of carbon deposited. 

Here is a case where product quality and smooth, 
uninterrupted production are both dependent on 
extreme uniformity in the fine wire being used— 


extreme uniformity in diameter, finish and temper. 

This super-critical wire is produced by the Wor- 
cester Wire Works Division of National-Standard. 
Because it does the best job by production com- 
parison, it’s naturally preferred. Keep this in 
mind and check with the Worcester Wire Works 
Division on your next need for fine wire if quality 
control is at all a factor. You'll get the finest of 
service, too! 


NATIONAL STANDARD 


v. 


OCIVIBIONS: NATIONAL - STANDARD, Niles, Mioh.; wire, stainiess, music spring and plated wires WORCESTER WIRE WORKS. Worcester, music spring. and plated wires, high and low carbon 
metal decorating equipment ATHENIA STEEL, Clifton, J4 Mal. high carbon spring + REVNOLDOS WIRE, Dixon, wire cloth 


: 
j 


Metals Division of Kelsey-Hayes 
expands in New Hartford ...to produce 
vacuum induction metals for all industry 


Capacity: 1 Million Pounds Per Month 


Our new facilities make it possible for all industry to obtain vacuum induction melted alloys on 
a production tonnage basis—ingot, billet, bar, sheet, strip and wire to specifications. New areas 
of application, perhaps in your field, are opening up every day. For information on the latest 
developments and technical brochure on new and improved alloys, write OOS 
Metals Division, Kelsey-Hayes Company, New Hartford, New York. ALLove 


METALS DIVISION oF KELSEY-HAYES 


SOME ALLOYS COVERED BY U.S, PATENT #2809110 ®TRADE MARK REGISTERED 
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5807 Lincoln Avenue * 


Anti-galling characteristics ég@mbined 

with high corrosion- resist: ince? 
Probable Solution: 

WAUKESHA METAL ad or 88* 


Homogeneous, ‘free 

resistant castings? 
Probable Solittion: 

Again WAUKESHA METAL 23 


machining. corrosion- 


or 88* 


Heat resistant’ castings? 
Answer: 
Many formulations for specific requirements. 


Stainless steel (800-400 series) Ni-resist or 
special corrosi@n-resistant formulations? 
Answer: 


A completely separate foundry for this work. 


Pure nickel, monel. 
Solution: 


Again, WAUKESHA has a seeond foundry 
devoted exclusively to casting these metals. 


brass, bronze, everdur? 


Aluminum? 
Answer: 

A third foundry for aluminum only — 

as cast or heat-treated. 4 f 


Special researg@a? 
Ansgwer . 
WAUKESHA has one of the 
finest, most completely equip} 
Metallurgical Research Labo 
at Your command and withot 


/ 
*So unustial and different) are WAUKESHA 


Metals 23 and 88 that/ patents have been , 


granted on both 


Write us giving your Apecitications -- 
or send us a print or ‘pattern. 3 


FOUNDRY COMPANY 


Wauke isconsin 
= 


EV reair 


Blast Metal / Away “ith ARCAIR! 


Here’s metal removal to beat anything you've ever 
seen before! Arcair Torch cuts, gouges, grooves, bevels 
or flushes off avy metal... does it faster, cheaper, 
through a revolutionary combination of the electric 
arc and ordinary compressed air. 


Inexpensive to install, economical to operate, easy 


to use—works with any standard arc welding unit. 
WRITE TODAY FOR 


475 S. Mt. Pleasant 
LANCASTER, OHIO 


“OV CONVECTION 


WATE 


NEW! ELECTRONIC CONTROL SYSTEM* + 2 F. CONTROL 
*patent pending 


WATTAGE CONTROL 


BLUE M NEW CONTROL SYSTEM® in conjunc 
tion with 3 step power selection, constant air 
weight, and greater air flow distribution pro 
vides an unequalled combination 
These ovens can be certified for Air 
Force Specifications MIL. H-G088A. 
EXCELLENT UNIFORMITY 
QUALITY CONSTRUCTION 
Ready for Service 


RESEARCH or 
PRODUCTION 


ALUMINUM 
MAGNESIUM 


TITANIUM and 
Other Alloys 
3 SIZES (1.6 to 5.8 cu. ft.) 


® 
Moderately priced, 


BLUE M ELECTRIC CO. iscano, ui. 


MANUFACTURERS AND DESIGNERS OF COMPLETE 
TEMPERATURE CONTROLLED EQUIPMENT 
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3000 KW, 60-cycle power, 20,000 
Ibs. one hour, 7%” RCS steel. 


AUTOMATICALLY 


These induction heaters for steel forging billets differ 
from any forge billet heaters ever built. 


e They are empty at the start—using only two or three 
dummy billets. 


e They have an automatic clean-out—heats are easily 
segregated. 


e They hold at the proper temperature and have auto- 
matic voltage regulation. 


The heaters keep pace with the press . . . no need of 
building up a stockpile of heated billets. Completel 
automatic, the “Magnethermics” eliminate quesswor. 
and deliver a billet at the proper temperature every 
time. 
“i Magnethermic’s engineers have studied forge shop 

Dual Frequency Forge Heater . . . 500 KW, 960 practice for a good many years. If you are considering 

cycle; 500 KW, 60 cycle. 2”-4” RCS steel, 6000 a modernization program in your forge shop, write 
Magnethermic for recommendations. 


Movie Available on These Automatic Forging Heaters 


16 mm, color; shows the complete cycle of oper- 
ation. Write to Magnethermic and advise when 
you would like a showing. 


SEE US AT THE METALS \ 
OCTOBER 1958 SHOW, BOOTH 940 


THAT Te 
NS 
STOP 
cycles. 4” RCS steel, 10,500 3990 SIMON RD\+/ YOUNGSTOWN 7) GHIO 
Ibs. per hour. 
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STEEL-WELD FABRICATION 


PRECISION 


in Production of Weldments of Great Strength! 


The heavy weldment above is the frame for a sixteen-cylinder, 5000 
H.P. Diesel Engine. It is typical of the precision parts entrusted to Mahon 
for fabrication by hundreds of manufacturers throughout the country. 

When you consider Steel-Weld Fabricated components for process- 
ing machinery, machine tools, or other types of heavy mechanical 
equipment, you, too, will want to discuss your requirements with Mahon 
engineers; because, in the Mahon organization you will find a unique 
source for weldments or welded steel in any form... a fully responsible 
source with a long and enviable performance record, and unusual 
facilities for design engineering, fabricating, machining and assembling. 

See Sweet's Product Design File for information, or have a Mahon 
sales engineer call at your convenience. 


THE R. C. MAHON COMPANY © Detroit 34, Michigan 


SALES-ENGINEERING OFFICES in DETROIT, NEW YORK and CHICAGO 
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wear resistant - heat resistant 


TUNGSTEN CARBIDES TITANIUM CARBIDES 


PRODUCT 


PROPERTIES 


TYPICAL APPLICATIONS 


Kennametal 
(tungsten- 
base 
carbides) 


YME of 60 to 90 million psi. 

Compressive strength higher than virtually all melted and 
cast or forged metals and alloys. 

Kennametal outwears steel up to 100 to 1. 

Impact strength in the range of hardened alloy steels of 
very much lower hardness and compressive strength. 

Thermal expansion about half that of steel. 

Compositions to withstand one or various combinations of 
destructive agents such as abrasion, corrosion, galling, 
impact, and erosion, or meet specific requirements as to 
stiffness, strength and weight. 


Metalworking and mining tool cutting edges. 
Die inserts. 

Seal rings. 

Integrator discs. 

Needle valves and cones. 

Compressor liners 

Pulverizing hammers. 

Abrasion resistant knives, blades, shears. 
Boring bars. 

Spray orifices. 

Balls and seats for oil well pump valves. 


Kentanium* 
(titanium- 
base 
carbides) 


Superior strength and abrasion resistance at temperatures 
1800°F. and up... temperatures that rapidly destroy 
conventional carbides or high temperature cast alloys. 

Can be subjected continuously to operating temperatures 
up to 2200°F., and up to 5000°F. for short periods. 

Greater resistance to thermal shock than ceramics. 

Highest stiffness-to-weight ratio of any material. . 
approximately %%4 the weight of steel. 

YME up to 60 million psi. 


Sensing elements for high temperature 
thermostatic controls. 

Spinning tools for hot metals. 

Flash-trimming tools. 

Turbine components. 

Balls for pump check valves. 

Nuclear reactor equipment. 

Rotary seal rings. 

Hot rod mill guide inserts. 

Anvils for spot welding. 

Balls for hot hardness testing. 


Refractory 
Carbides 


Low binder content. 
High melting point 5000° F to 7000° F. 


Crucibles. 
Acid resistant parts. 
High temperature furnace parts. 


Heavy 
Tungsten 
Alloys 


Nominal Density: 16.5 to 18.7 gm/cc. 
Machinability: Good. 

Tensile Strength: 40,000 to 90,000 psi. 

Corrosion Resistance: Excellent 

Readily brazed with Easy-Flo No. 3 Compound. 
Available as bars, rods, rings, discs, special shapes. 


Counterweights. 

Radioactive shielding. 

Isotope containers. 

Atomic watch shielding. 

Shielding — cobalt and X-ray medical equipment. 

Rotational parts — flywheels, governors, gyroscope 
components. 

Electrical contactors for high current heavy duty 
applications. 


Niobium 


Metal — 99.8% grade. 

Granules, arc melting electrodes, bar, strip, foil. 
Metal — 99.5% and 98.5% grades. 

Powders, granules, arc melting electrodes. 
Oxide — 99% and 99.5% grades. 

Fine powder. 


Bars: Nominal size '4” x 2” x 19”. Other sizes available. 
Strip, Foil: .001” to .100" thick, up to 4” wide. 
Powders: 20 to 80 mesh. 

Granules: *,” to 40 mesh. 


Tantalum 


Metal — 99.9% (capacitor) grade. 

Solid form — strip, bar, foil, wire. 
Metal — 99.5% grade. 

Granules. 
Metal Powder — 99.8% grade. 

Fine powder. 

Oxide — 99% grade. 

Fine powder. 


Bars: Nominal size '4" x 2” x 19". Other sizes available. 

Strip, Foil: .001” to .100” thick, up to 4” wide. 

Wire: From .005” to .030". 

Granules: 20 mesh. Other sizes and grades available. 

Powder: 200 mesh. Other sizes available. 

Oxides: In analyses and particle sizes to meet specific 
requirements. 


Kenspray 
(hard 

surfacing 
material) 


Powder applied by hand or mechanically-held metal spraying 
equipment. 

May be successfully applied to irregular shapes or flat 
surfaces. 

Only thin coating required (from .010° to .090"). Conserves 
material, provides uniform surface. 

After spraying application, part «s heated to fuse the hard 
surfacing deposit to its base. For close tolerances, part 
may then be ground with silicon carbide wheels. 


Machine comp mts and equipment for food, chemical, 
petro-chemical, other processing industries . .. Cams, 
valve seats, sleeves, shafts, dies, guides, jigs, process 
rolls, wear strips, valve plugs and bodies, grain mill 
hammers, pump parts, agricultural equipment. 


Kenplate 
(hard 

surfacing 
material) 


Factory assembled as amall, hexagonal plates in a uniform 
mating pattern on flexible woven-ginss backing. 

Plate thicknesses from .062” to .250" in two hex sizes. 

May be applied by standard epoxy bonding, silver soldering, 
conventional brazing. 


FOR DETAILED INFORMATION send for: 


Wear plates in processing equipment. 

Liners for ball mills, inclined chutes for abrasive materials. 
Centrifuge surfaces. 

Slide surfaces, guide rails for materials handling equipment. 


1. Characteristics of Kennametal — 24- 3. Designing with Kennametal — 42 
page outline of the company, its history, pages of design ideas . . . problems and 
manufacturing methods and facilities. solutions in designing with carbides, 
Plus a detailed description of Kennametal fastening methods, typical applications. 
and Kentanium characteristics ...physi- 4. Tantalum Product Data Sheet — 
cal and mechanical properties, with sug- Gives analyses, available forma and sizes. 
gestions for design application. 5. Columbium Product Data Sheet — 

2. Kentanium — 12-page description of Gives analyses, available forms and sizes. 
physical characteristics and applications. 


“Trademark Write Kennametal iInc., Latrobe, Pa. 
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PURITY 
MAKES THE 
DIFFERENCE 


Maximum 
Operating Temperature 


1950°C-3542°F 


Morganite’s Triangle RR, thin-walled, 
translucent crucibles and other high tem- 
perature ware are designed especially to 
meet the needs of high temperature 
technology. 


— as crucibles, trays and combustion boats for high 
temperature metallurgical research 


— as insulators for rare metal thermocouples where 
complete freedom from silica attack is essential 


— as pyrometer protection tubes for temperatures up 
to 3542°F and for severe conditions due to presence 
of high active slags and furnace gases 


— as high temperature furnace tubes, particularly for 
applications requiring an impervious tube 


— and as molybdenum, tungsten and platinum wound 
tube furnaces for very high temperature operation 


Morganite Triangle RR (Impervious Recrystallized 
Alumina) is a ceramic grade of exceptionally high 
purity. It is snow white in color. Its high purity, com- 
bined with its impervious structure of interlocking 
corundum crystals, successfully resists chemical attack. 


INCORPORATED 


3300 48th Ave., Long Island City 1, N. Y. 
Telephone: STillwell 4-3222 


Get Morganite’s new 
Refractories Catalog, 
phone or write today. 


Monvtacturers of Fine Carbon Graphite Products including Carbon Specialities, Motor 
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and Generator Brushes, Carbon Piles, Current Collectors and Electrical Contacts | 
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for heavy 
service 
at high 
temperature 


HARROP 


NMR-12 


ELECTRIC 


Model NMR-12-22115-DP. Equipped as 
FURNACE described. Price $2,560.00 complete, 
f.o.b. Columbus, 


including crating 


Only $2,560.00 puts this Harrop furnace to work for you. Non- 
metallic resistors give steady service at temperatures up to 2800" F., 
with intermittent operation to 3000° F. Equipped for manual 
operation and for automatic cycling ... Set time and temperature, 
then furnace heats to desired temperature, holds accurately for 
the predetermined time, then shuts off. 

Specifications: setting space 12” wide by 17” deep by 14” high, 
outside dimensions 35” wide by 40” deep by 66” high. 3000° F. 
internal refractories. External blower for accelerated cooling. 
18 KVA transformer, voltage adjustable from 55 to 230 volts in 
36 steps. Millivoltmeter program controller. 

All NMR Furnaces by Harrop are designed for this kind of heavy- 
duty service, will cut operating time and expense ... provide great 
flexibility of control. Available with standard or optional in- 
strumentation . . . setting spaces ranging from 7” x 9” x 8'2” to 
36” x 40” x 36”. 

Special furnace designs developed to meet your need. For non- 
obligating recommendation, send information on materials, tem- 
perature range, heat control and firing objectives to Dr. Robert A. 
Schoenlaub, Technical Advisor. 


HARROP ELECTRIC FURNACE DIVISION 


OF HARROP CERAMIC SERVICE CO. 
Dept. M, 3470 E. Fifth Ave., Columbus 19, Ohio 


M& R VACUUM MELTING GRADE* 


TUNGSTEN and 
MOLYBDENUM 
RONDELLES 


High Purity, Low Gas Content 


® Dissolve readily ® Permit uniform feed- 


ing 
® Create no dust ® Contain no _ volatile 
components 
© Permit rapid weigh- © Yield a_ consistently 
ing and charging uniform product 
Molybdenum Tungsten 
Rondelles Rondelies 
Size %” x 3/16" |%" x x %” 
_ Density 8.3 g/ce 6.4 g/ee 12.0 g/cc 
Weight? ea. x ea. 16 ea 


+ Approximate 
Sizes and physical properties can be varied to meet 
special requirements. 
* Also available in Air Melting Grade. 


Write for brochure describing M&R Tungsten and 
Molybdenum Powders and Granules, M&R Zirconium 
Wafers and other M&R Refractory Metal Products. 


METALS and RESIDUES, Inc. 


65 Brown Ave., Springfield, N. J. DRexel 6-5700 
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BRISTOL “Armorox” thermocouple, here about to be installed in 
tunnel kiln truck, is more flexible and smaller, but more rugged, 
than conventional thermocouples. 


The Bristol ‘““Armorox”’ thermocouple now makes difficult 
temperature measurements easy. 

Good for temperatures up to 2000°F. and at pressures to 
50,000 psi, the “‘Armorox”’ thermocouple is metal -sheathed, 
ceramic - insulated and flexible— easily bent around twice its 
own diameter to get into out-of-the-way places. What's 
more, no additional protecting tube is required. 

The entire line of Bristol pencil-type thermocouples is 
offered in ‘‘Armorox’’ metal-sheathed ceramic-insulated con- 
struction as well as conventional construction. Metal-sheathed 
construction plus tightly packed refractory insulation now per- 
mits use of smaller gauge wire than ever before at higher temper- 
atures. Wire sizes as small as #30 AWG give outstanding 
service in the advanced construction. 

Sheathing available in stainless steel and Inconel*— other 
metals available for special applications. Diameters from 
1/16 to 1/4 inch. Lengths up to 30 ft. Thermocouples avail- 
able in Chromel-Alumelft, iron-constantan, copper-constan- 
tan, and other materials. Can be used for every application 
of conventional pencil-type thermocouples. Meet the ISA 
standards for accuracy. 

Write for complete data on this Bristol development in 
pyrometry. The Bristol Company, 155 Bristol Road, Water- 
bury 20, Conn. e158 


*T.M. Reg. by International Nickel Co. 
tT. M. Reg. by Hoskins Manufacturing Co. 
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Scott Aviation Corp. Air-Pak castings made of 
Frontier 40-E Aluminum Alloy 


DESIGN WITH LOWER WEIGHT 
AND GREATER RELIABILITY 


FRONTIER 40-E is a primary alloy ingot made 
from virgin metals. A primary ingot gives you 
castings that are always the same — always 
reliable. Test bar physical properties are the 
same in the casting whether sections are thick 
or thin. FRONTIER 40-E is the original and 
proven, high strength, natural aging alloy — 
often imitated but never equalled. A natural 
aging alloy is the only kind that can be welded. 
FRONTIER 40-E is, therefore, ideal for composite 
structures where extrusions and cast parts must 
be welded together. Castings of 40-E can also 
be brazed providing a strong, uniform union. 


Specify FRONTIER 40-E aluminum alloy castings 
and get the additional features of high shock 
resistance, high corrosion resistance and high 
tensile and yield strength. Send for complete 
information and name of nearest licensee. 


FRONTIER BRONZE CORP. 


4895 PACKARD ROAD @ NIAGARA FALLS, NEW YORK 


Exclusive Foreign Producers of 40-E 
Deralum Castings Ltd., Darlington, England 
Paul Bergsoe & Son, Glostrup, Denmark 
Aluminum Francais, Paris, France 


) High Tensile Alloy 
te 
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For Carbonitriding, Carbon Correction, Carburizing 


Non-Decarb, Scale-Free Hardening and other Processes 
Uniformly—Scale-free—Continuously, 175 to 2000 Ibs. per hour 


© The EF chain belt conveyor furnace is one of the 


most satisfactory continuous heating units yet devised 
for scale-free hardening, carbon restoration, carboni- 
triding, carburizing and non-decarb heat treating 
small and medium size parts. The material is loaded 
onto our rugged heat resisting cast link conveyor belt; 
earried through the furnace; heated uniformly to 
proper temperature; automatically quenched and dis- 
charged. No pans or trays are needed. Hundreds in 
daily operation prove the dependability and efficiency 
of our design. 11 standard sizes. Capacities to 2000 
Ibs. or more per hour. Gas, oil or electrically heated. 


Furnished complete with any desired feeding, dis- 


(Above) EF Gas Fired Radiant Tube Combination Harden'ng and 
Dry Cyoniding Unit Fitted with an Automatic Feeder that Distributes 
the Ports Evenly on the Chain Belt Conveyor; and a Dual Quench. 


(View at top) The Conveyorized, Partitioned Dual Quench Moves 
Laterally to Permit either the Complete Oil or the Woter Quenching 
Equipment to be Positioned under the Sealed Furnace Discharge. 


charging or special atmosphere equipment. Write for 
folders describing our chain belt conveyor type and 
other production furnaces. 


isk for Bulletin 461-MP., 


THE ELECTRIC FURNACE CO. 


s @ CANEFCO, LIMITED e@ Toronto 13, Canado 


GAS FIRED, OIL FIRED AND ELECTRIC FURNACES 
FOR ANY PROCESS, PRODUCT OR PRODUCTION 
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Klectromet . - » Making metals do more all the time! 


‘4 


What a difference chromium makes! 


As the key metal in many of today’s steels and alloys, chromium has greatly widened man’s 
engineering horizons. “Super” alloys containing chromium are establishing new thermal limits. . . 
help jet, missile, and rocket parts withstand temperatures of 2000° F. and higher. 


Steels become “stainless”... special alloys are exceptionally corrosion 
resistant... engineering steels gain extra wear resistance and strength 
... copper and aluminum are improved — with chromium. 

ELECTROMET, the leading producer of chromium, is constantly searching 
for better wavs to produce and use this metal. Chromium metal 

of the highest purity and ferrochrome with the lowest carbon content 
commercially available are typical results of ELECTROMET research. 
Such pioneering achievements lead the way to better steels 

and more versatile, more useful alloys. 


Forty-four grades of chromium are among more than 100 high-quality Flectromet 


alloys and metals that ELECTROMET produces. Want to know how FERRO-ALLOYS AND METALS 
chromium and its alloys can help meet your needs? Ask ELECTROMET. 


ELECTRO METALLURGICAL COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, New York. 


The terms “Electromet” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 


' 


